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Although liming of soils has been practiced for ages and is fairly 
well understood from the chemical and physical standpoints, compara- 
tively little has been done toward determining the exact physiologica 
explanation of some of the beneficial and injurious effects of liming on 
the growth of crops. The physiological réle of calcium and magne- 
sium salts was briefly discussed in Bulletin No. 18 of this office on the 
Physiological Role of Mineral Nutrients. In the present bulletin are 
brought together many valuable observations on the general subject 
of liming, especially from the standpoint of the plant. The work, 
though preliminary, shows quite clearly that magnesium salts are 
poisonous to our ordinary crops unless accompanied by readily avail- 
able lime compounds. Under the direction of Dr. Loew, Mr. May, of 
the Office of Experiment Stations, endeavored to determine experi- 
mentally the proper ratio of lime and magnesia for certain crops and 
soils. The results of these investigations warrant the statement that 
the amount of available lime and magnesia should be about equal 
in order to insure maximum growth for most crops. The subject is 
presented at this time with the hope that it may stimulate investiga- 
tions along these lines, so important to agriculture. We are under 
obligations to the Bureau of Chemistry for the chemical analysis of 
some of the soils and other material used, and to the Bureau of Soils 
for physical analyses. The manuscript of this bulletin was submitted 
for publication nearly a year ago, but it has not been practicable to 
print it until the present time. 

ALBERT F. Woops. 
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THE RELATION OF LIME AND MAGNESIA TO PLANT 
GROWTH. 


|. LIMING OF SOILS FROM A PHYSIOLOGICAL STANDPOINT. 


By Oscar Loew, 
Expert in Physiological Chemistry. 


INTRODUCTION. 


The beneficial effect of slaked lime and gypsum in crop production 
has been known since the early ages. The old Romans as well as the 
Japanese and Chinese were well acquainted with the practice of liming. 
The effects, however, were not uniform either on different soils or for 
different crops. and damage was sometimes incurred by overliming. 
It is a question of great importance to the farmer to be able to ascer- 
tain when his soil needs liming, and how much of the lime or lime 
compounds to apply; also whether slaked lime, carbonate of lime, or 
sulphate of lime is the most suitable form, and whether magnesian 
limestone must be excluded. The quantities of lime required vary, 
according to circumstances and the nature of the crop, from 500 to 
6,000 pounds per acre. Boggy and clay lands require more lime than 
other soils. It is preferable to add moderate quantities at compara- 
tively short intervals (every three to six years) rather than a very 
large quantity at once. Heavy soils may be made more porous by the 
use of slaked lime, and fine sandy soils may gain in firmness, while 
soils with an acid reaction may become profitably neutralized. 

The decomposition of humus in soils is hastened by lime, its nitro- 
gen being liberated as ammonia and becoming available to the plant 
either as ammonia or as nitrates after nitrification. The process of 
nitrification is also promoted by the presence of lime. On sour, boggy 
lands marsh plants can easily be replaced by forage plants after an 
application of lime. Liming also has great importance in connection 
with the raising of live stock, since the formation of bone is imperfect 
where their food is too poor in lime. Again, certain parasitic fungi 
and insects in the soil are easily killed by the alkaline properties of 
burnt lime. Lime and gypsum can also in certain cases release such 
potash in the soil as is still unavailable. This, as well as the enhanced 
root hair production under the influence of the increased amount of 
lime, accounts for the greater absorption of potash by the plant on 
soils rich in lime. 
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Although for several reasons the burnt lime is superior to carbonate 
of lime, and even in some cases mentioned can not be replaced by the 
latter, still there are instances where finely pulverized carbonate of 
lime can be applied directly with great success, especially on sandy 
soil. In many other cases the sulphate of lime (gypsum) is the most 
favorable form, especially when the amount of sulphates in the soil is 
very small, it often sinking far below 0.1 per cent. 

Gypsum furthermore acts very beneficially i in preventing the evapo- 
ration of ammonia as ammonium carbonate from stable manure by 
preserving the ammonia as sulphate. Its very beneficial action for 
many leguminous crops may be especially mentioned.” 

Slaked lime is the remedy for correcting an acid reaction, while 
gypsum is the remedy for correcting an alkaline reaction of soils. 
To soils of certain arid regions of the far West which contain sodium 
carbonate, rendering them unfit for raising any crops, Hilgard has 
proposed an addition of gypsum. The gypsum acts upon the sodium 
carbonate, transforming this into the less injurious sodium sulphate, 
while the gypsum itself is transformed into calcium carbonate. 

While all these applications of lime and lime compounds* are well 
known, a special case, the correction of the injurious effects of a high 
magnesia content, will be discussed and experiments described in the 
second part of this report by Mr. D. W. May, a subject which 
hitherto has not been taken practically into consideration. 


INJURIOUS ACTION OF MAGNESIUM SALTS. 


An excess of magnesia acts injuriously on plants, an observation 
made frequently and even long ago. The increase of lime is the only 
decisive remedy. The plants thrive best when the ratio of lime to 
magnesia does not pass certain limits. Too little magnesia in relation 
to lime may retard development, while too much magnesia in relation to 
lime may injure the crop still more. 


' Various bau place the minimum limit of lime in a soil for auaa returns at 1 
per cent, although satisfactory crops have been raised on clay soils with 0.3 per cent, 
and on sandy soils with 0.1 per cent lime. 

A case may be mentioned where liming proved of immense benefit on soil that 
contained 0.55 per cent lime. ‘‘A percentage of gain of 10,000 in beets’? was pro- 
duced as compared with the unlimed soil. Here it was certainly not the physiolog- 
ical role of the lime, but an essential improvement of the soil (neutralization, ete. ), 
which led to this result. This case was observed in Rhode Island and described by 
Wheeler, Hartwell, and Sargent. (Journ. of Amer. Chem. Soc., 1900, p. 153). 

A too heavy application of burnt lime on certain soils might destroy not only 
noxious parasites but also the useful root bacteria of the Leguminosee. Reports refer- 
ring, however, to different soils are still contradictory on this point. 

? The annual amount of gypsum consumed for fertilizing purposes in the United 
State sis estimated by Dr. H. W. Wiley as 75,000 tons. 

*The question of liming and of fertilizing in general is fully treated in F. H. Storer’s 
‘Aoriculture in Some of its Relations to Chemistry,’’ New York, 1897, se »venth edition. 
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In drawing inferences from agricultural experiments much atten- 
tion should be paid to all conditions that might possibly have an 
influence. For example, while one author reports that a deficiency of 
lime will cause yellow spots to develop on the leaves of the sugar beet, 
and consequently decrease the yield of sugar. another asserts that 
beets richest in lime are poorest in sugar.’ In such cases it is neces- 
sary to ascertain also the amount of the other nutrients, since too 
much magnesia may influence the results just as certainly as a reduced 
amount of potash. 

In another instance it is reported that calcium nitrate is a less favor- 
able source of nitrogen than sodium nitrate, an observation which 
may have been made on soils rich in lime and too poor in magnesia, 
otherwise it would be difficult to understand, since experiments with 
water cultures have shown calcium nitrate to be an excellent nutrient. 

As early as 1814 Davy discussed the question why magnesia some- 
times acts injuriously on crops. He wrote: ‘* It has long been known 
to farmers in the neighborhood of Duncaster that lime made from cer- 
tain limestone applied to the land often injures the crop considerably. 
This lime contained magnesia. On mixing some calcined magnesia with 
soil in which different seeds are sown, it is found that they either die 
or vegetate in a very imperfect manner.” He also states that ** lime 
from magnesian limestone may be applied in large quantities to peats, 
and where lands have been injured by the application of too large a 
quantity of magnesian lime peat will be a proper and efficient remedy.” * 

An injurious action was observed with the limestone from quarries 
near Belvidere, N.J.. while other limestones from near Oxford, some 
distance off, showed very beneficial effects on the same field. The 
difference between the effects was so striking that it was considered of 
some importance to investigate the cause. Samples of the two lime- 
stones were therefore sent to the U. 8. Department of Agriculture, 
where they were analyzed, with the result that the ¢njur/ous limestones 
were found to contain 38 to 42 per cent of magnesium carbonate, while 
the beneficial limestone contained not quite 1 per cent of this substance. * 
The explanation, however, that the injurious effects of burnt magnesian 
limestone are due mainly to the fact that the caustic magnesia turns 
much more slowly into carbonate than the caustic lime can not be the 
correct one, neither can the hypothesis be accepted that the injurious 
effect is due to the formation of hydraulic cement in the soil, since the 
effect.is less noxious on clay soil than on sandy soil, while just the 
reverse should be expected if that hypothesis were correct. 

Very injurious effects have been reported from manuring with pre- 
cipitated magnisium carbonate, these being ascribed. however, to the 


'Hollrung, Die Zuckerindustrie, 1898. 
* Elements of Agricultural Chemistry, 2d ed., p. 322. 
* Report of the Commissioner of Agriculture, Washington, D. C., 1876, p. 142. 
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change in the mechanical conditions of the soil." Ad. Mayer’ mentions 
sterility in a soil rich in magnesia. On the other hand Heiden’ states 
some instances where magnesite and even magnesium sulphate exerted 
a beneficial effect. Kellner‘ reports a beneficial effect from magnesian 
limestone,’ and Larbaletrier and Malpeaux® describe a case in which 
magnesium sulphate proved very efficient. . 

Just as contradictory are the reports on the effects of the applica- 
tion of kainit and carnallit, both of which contain salts of potassium 
and magnesium. The former, however, contains more potassium sul- 
phate than the latter. The effects were frequently found to be inju- 
rious when these salts were applied in the spring, while the application 
in the autumn proved beneficial. Thus Fleischer’ observed that 
kainit yielded a 5 per cent larger crop of potatoes when applied in 
the autumn than when applied in the spring. Other observers‘ 
reported a decrease in the percentage of starch in potatoes when kainit 
was applied in the late spring and also claimed that the quality was 
impaired. Liebenberg’ finally reports a decrease in the yield of 
meadows when kainit was applied even in the autumn. In the latter 
‘ase the perennial roots of the grasses came directly in contact with 
the fresh fertilizer, while in the previous cases the rains of winter had 
a chance to wash out or modify the injurious magnesium salt before 
the crops were planted or seeds were sown. Other authors’ also 
report an injurious effect from kainit on meadows, no matter whether 
applied alone or in conjunction with other fertilizers. However, very 
many favorable results from the use of kainit on other soils and other 
crops have been published. Schultz-Lupitz has observed that the 
injurious effects of the crude potassium salts of Stassfurt (kainit, car- 
nallit, etc.) can be counteracted by liming the soils, but he gave no 
explanation for this interesting fact. That the application of lime 
would be in such cases the proper remedy was inferred by the writer ™ 
from his theory before he knew of the successful experiments of the 
author justmentioned. It was claimed at that time that the occasional 
injury caused by the Stassfurt salts was due to their chlorid content, 

'Centralbl. f. Agriculturchemie, 1870. 

* Vorlesungen, 3d ed., Vol. I, p.111.  Dejardin reports that an increase of the mag- 
nesia content in the soil favors the resistance of the vine to Phylloxera, but this 
remedy applied to a soil poor in lime may prove dangerous to the plants. On the 
other hand Wheeler reports that liming the soil promotes the scab of the potato. 
See also Bul. No. 18, U.S. Dept. Agr., Div. Veg. Phys. and Path. 

*Landw. Vers. Stat., 1869; also Pincus, ibid. , 1868, p. 402. 

'Stichsische Landw. Zeitsch., 1895, No. 24. 

* Similar results were reported by Vélker in England (Griffiths, Treatise on Manure, 
1889, p. 235),,and Muntz and Girard in France (Les Engrais, 1891, p. 333), and 
finally by Patterson in Maryland (Bul. No. 66, of the Md. Agr. Ex. Sta., p. 150). 

*Centralbl. f. Agriculturehemie, 1896, p. 484. 

‘Bot. Jahresber. f. 1886. ‘Jahresber. f. Agriculturchemie, 1896, p. 222. 

*Tbid., p. 219. MTpbid., p. 216. "Landw. Vers. Stat., 1892. 
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but this is certainly only a subordinate cause. The evil effects are 
mainly due to their high magnesia content, which will do little harm 
on soils rich in lime and poor in magnesia, but produces much injury 
on soils poor in lime rather than in magnesia. The more magnesia in 
relation to lime present in a soil the more injurious a certain additional 
quantity of magnesium compounds will prove. With the Stassfurt 
salts containing magnesium sulphate and chlorid this must be much 
more evident when they are applied in spring than when applied in 
autumn, since during the winter a part of the magnesium salts can he 
washed out as already stated or else turned into the less noxious car- 
bonate. To foretell whether magnesium limestone or the crude salts 
of Stassfurt would prove to be injurious manures the analysis of the 
soil would give the proper answer. 

The total amount of lime contained in the earth’s crust is larger than 
that of magnesia. The calculation of F. W. Clarke gives as approxi- 
mate numbers: Lime, 5.29 per cent; magnesia, 4.49 per cent: or, 
calcium, 3.77 per cent; magnesium, 2.68 per cent. But since the com- 
pounds of these elements are not uniformly distributed through the 
earth’s crust, regions exist in which magnesia predominates over lime 
and others in which lime predominates over magnesia. Manifold 
variations have indeed been observed. Frequent manuring has, of 
course, changed these proportions from olden times in the uppermost 
stratum of the cultivated parts. The dung of animals fed with seeds, 
such as, for example, maize, oats, and barley, will of course be rela- 
tively richer in magnesia than that of animals fed mainly on grass, 
straw. and various other foliage. The latter manure will contain rela- 
tively more lime than the former. Thus, even without having recourse 
to direct liming, the lime content of cultivated land is often uninten- 
tionally increased. In the average fresh barnyard manure there ts 
contained, according to Ville, 80 per cent of water, and among the 
mineral constituents 0.56 per cent lime and 0.24 per cent magnesia, 
forming a ratio of 1: 0.48. 

But while in the crust of the earth as a whole, as well as in most of 
the spring waters, lime predominates over magnesia, the reverse is 
observed in the oceans. Sea water contains about 34 per cent of 
soluble salts in the following proportions: Sodium chlorid, 7S: mag- 
nesium chlorid, 11; magnesium sulphate, 5; calcium sulphate, 4: 
potassium sulphate, 2; traces of iodides, bromides, phosphates, ete.’ 


1 Marret calculates the following amounts for 1,000 parts of sea water (quoted by 
Liebig, Agriculturchemie. ) 


Stet @llllordtsl ee’ Geese Ua ee Bee ee eee ee 26. 660 
Sarimmscniplnte s244 352) oe eae ae). fs <- 2 y= 2-32 4. 660 
Potassuimech | Onidiece seen oe eee a in eee - = woz 
Magnesium chlorid -.....-.---2:-----------+2+-+--+----++-- 5. 152 


Calm aulphates.-.. 54-08-42... 2----52-55--252---+-s 1. 500 
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In the sea water, therefore, we find a proportion of lime to magnesia 
of approximately 1:3.8, a ratio which would prove injurious for many 
land plants in water culture. The marine plants, such as diatoms and 
fucoids, which in all probability require lime for building up certain 
of their organized structures, must then have means of accumulating 
lime compounds in order to counteract an injurious influence of the 
magnesium compounds entering their cells. Indeed, the ashes of 
marine algz show more lime than magnesia, as seen from the following:' 


Percentage of lime and magnesia in marine plants. 


| Percent- 

| Marine plants. Feeuees age of mag- 

| q nesia. 

| — — = = — —_ 
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It is well known that a high lime content of the soil favors some 
plant species more than others, and may even injure certain plants, as 
the yellow lupin. According to Heinrich,’ a soil containing 0.46 per 
cent carbonate of lime will injure the lupin, while 0.5 per cent car- 
bonate of magnesia will prevent its development entirely. Hilgard 
mentions for the southern part of the United States the linden tree, 
wild plum tree, and the tulip tree (Liriodendron) as indicative of a 
soil rich in lime.* On the other hand, the southern pines and certain 
kinds of oak and Vaccinium are indicative of a lack of lime in the soil.* 
With certain other plants some variations in growth depend on the 
abundance or deficiency of lime in the soil, as Hilgard has pointed out 
for Quercus ferruginea and Q. obtusiloba. ‘This author has also called 
attention to the lower growth but richer yield in seeds and fruits on 
soils with a high lime content. But, on the other hand, a deficiency of 
lime may also reduce the size of certain organs. Thus the leaves of 
young pine trees reach only half the normal length when lime salts 
are deficient, as Honda and the writer have observed.’ 

It is a natural and logical conclusion that an analysis of soil properly 
made with regard to the absorbing capacities of the plant roots must 


1Godechens, Ann. Chim. Pharm., 1854, Vol. LLV. 

Some marine algze, such as certain members of the Floridez, exert a powerful 
attraction upon the lime salts (by probably containing certain organic acids yielding 
insoluble lime salts), depositing much calcium carbonate in the cell walls. 

*Jahresber., f. Agr. Chem., 1896, p. 239. 

*In Europe Gentiana ciliata is one of the characteristic lime-soil plants. 

‘The coast pine (Strand Kiefer) can grow in Europe only on soil poor in lime 
(Grandeau and Fliche, 1878). 

° Bull. College of Agr., Tokyo, Vol. II, No. 8. 
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yield the means to properly estimate the quality of the soil. Such an 
analysis must not only regard the absolute quantities of phosphoric 
acid, sulphuric acid, potassa, lime, magnesia, iron, and nitrogen com- 
pounds, but must also consider the fineness or coarseness of the divi- 
sion of the nutritive materials and their solubility in dilute organic 
acids. But the writer must add that there is another important factor 
in the valuation of soils, and that is the ratio of the easily assimilable 
amounts of lime and magnesia in the finer particles. Many attacks 
have been made upon the use of analyses of soil for purposes of valua- 
tion, but this opposition can only relate to certain analyses, such as 
made in the old method of treating the soil with concentrated hydro- 
chloric acid.!| Such analyses will not show exactly the amount of 
nutrients available for the next crop, but mainly indicate the whole 
amount of nutrients available within a longer period. 

Every farmer ought to know the ratio of the easily assimilable por- 
tion of lime to magnesia in his soil, as with such knowledge he can tell 
when liming is needed and if magnesian limestone will prove injurious. 
Soils with much magnesia are more to be feared than those with too 
little. There may be soils with but little available magnesium car- 
bonate which still produce excellent crops, for in this connection it 
must be remembered that water containing carbonic acid can dissolve 
more magnesium carbonate than calcium carbonate. Treadwell and 
Reuter? found that 1 liter of water will hold 0.385 gram calcium 
bicarbouate in solution, while it will contain 1.954 grams of mag- 
nesium bicarbonate, besides 0.715 gram neutral magnesium carbonate. 

When it is further remembered that magnesia is more movable in 
plants than lime, and that therefore one and the same molecule of mag- 
nesia can serve repeatedly as a carrier of phosphoric acid for the 
formation of nucleo-proteids and lecithin, it will not appear strange 
that a soil can still produce certain crops when the content of mag- 
nesia is very much smaller than that of the lime. This is especially 
true when such plants are grown as are capable of excluding any 
absorbed excess of lime from further physiological influence by trans- 
forming it into the nearly insoluble calcium oxalate. The situation is 
far different, however, on a soil that contains a considerable excess of 
magnesia over lime, and here a proper correction 1s an absolute 
necessity. 


1\Compare also the interesting results of Thoms. Agric. Centralbl., 1898, p. 155, 
whose theoretical inferences from soil analyses were in full accord with the practical 
observation on the fertility of various domains. 

2 Zeitschr. f. Anorg. Chem., 1898, Vol. XVII, p. 170. 
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THEORETICAL DISCUSSION OF THE FUNCTIONS OF LIME AND 
MAGNESIA. 


The physiological réle of lime and magnesia was fully discussed in a 
previous bulletin,’ hence a few lines touching the chief points will 
suflice here. The lime is, according to the theory of the writer, neces- 
sary for the formation of certain calcium compounds of nucleo-proteids 
required in the organized structures of nuclei and chlorophyll bodies, 
while the magnesia serves for the assimilation of phosphoric acid, since 
magnesium phosphate can give up its phosphoric acid more easily than 
any other phosphate that occurs in plant juices. While calcium is fixed 
in the organized structure, magnesium is movable, since it serves mainly 
in the form of secondary phosphate as carrier of assimilable phosphoric 
acid, which role can be repeated various times. 

It follows from this theory that, in the case of an excess of lime 
being taken up, the assimilation of phosphoric acid will be rendered 
more difficult, since this acid will chiefly combine with the lime, and 
the chances for the formation of magnesium phosphate will thus be 
diminished. The effect will be the same as if the amount of available 
pkosphoric acid in the soil were lessened—that is, the growth of the 
plant will be retarded and even starvation phenomena may set in. 
Many plants avoid this evil effect of an excess of lime in the juices by 
the precipitation of a part of the lime as’ oxalate, as mentioned above, 
while others” secrete it as carbonate, contained also in cystoliths. 

If, on the other hand, magnesia is taken up in considerable excess 
over lime a poisonous action is observed. Plants succumb soon when 
placed in diluted solution of magnesium salts and no other, but calcium 
salts can prevent this effect. In fact, magnesium salts can exercise 
their nutritive functions only in presence of a sufficient amount of 
calcium salts. The plants can not, as with lime, turn an excess of mag- 
nesia into an insoluble form and thus render it innocuous. Only in 
certain cases may the formation of globoids or of insoluble magnesium 
protein compounds come into consideration. 

The injurious action of magnesium salts has been previously explained 
by the writer,’ as follows: The calcium nucleo-proteids of the organ- 
ized structures are transformed by the presence of soluble magnesium 
salts into magnesium compounds, while the calcium of the former 
enters into combination with the acid of the magnesium salt. By the 
transformation of the organized calcium nucleo-proteids into magnesium 
nucleo-proteids the capacity for imbibition will change, which must 
lead to a disturbance in the structure which will prove fatal. Only 
the simultaneous presence of dissolved lime salts can prevent this 


'Bul. No. 18, the physiological rdle of mineral nutrients, U. 8. Dept. Agr., Div. 
Veg. Phys. and Path., pp. 28, 37, 42, 47, and 60. 

*Saxifraginee, Plumbaginese, and some ferns secrete calcium: carbonate on their 
epidermis. 

5 Bul. No. 18., U.S. Dept. Agr., Div. Vez. Phy-. and Path. 
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effect, according to the law of mass. The writer noted, for example, 
among other observations, that certain alge, such as Spirogyra, died 
in five days in a solution of 1 per 1,000 magnesium nitrate, while they 
remained alive fora number of weeks in this solution when 0.3 per 
1,000 calcium nitrate was added. Of course, magnesium in form of 
‘arbonate or phosphate in the soil would act injuriously in much less 
degree than the soluble magnesium nitrate, or sulphate; but nevertheless 
injury will show in time. 

How much, however, the result is influenced by the degree of fine- 
ness of these compounds may be judged from the observation of 
Ulbricht’ that a large amount of the commercial precipitated basic 
magnesium carbonate acts much more injuriously than finely powdered 
magnesite, and that slaked lime in excess diminished the yield in 
lupin more than an excess of powdered marl. This author also 
described cases in which a rich manuring with lime depressed the yield, 
and further observed that a proper liming will remedy the evil effeet 
of magnesium chlorid. 

Also Atterberg (1892) observed injurious effects of large applica- 
tions of magnesia upon oats on marsh soil and the prevention of this 
injury by liming. But previous to these authors E. Wolff* had 
observed on the one hand an injurious effect of burnt magnesia, and 
on the other the depression of the yield by a too excessive liming. 

Heinrich observed a decrease of the crop of the yellow lupin of 36 
per cent after adding as much as 0.5 per cent gypsum to the soil 
(quoted by Ulbricht, lL. ¢.) and Uibricht observed by adding only 0.011 
per cent gypsum, a gain of 10.6 per cent of the lupin crop, and 21.5 
per cent of the buckwheat crop, while with red clover and with 
timothy a gain of only 1.5 per cent was noted. 

The crop of the yellow lupin was further considerably decreased in 
the experiments of Ulbricht by the application of 500 and 1,000 kilo- 
grams of lime to the morgen (1.6 acres). Also burnt magnesian lime- 
stone with 40 per cent magnesia had an injurious effect not only for 
lupin but for barley and vetch when applied in the amount of 500 
kilograms to the morgen. <A diminution of the lime one-half and of 
magnesia one-fourth, or an appropriate mixture of pure limestone with 
magnesian limestone, might have resulted in a favorable harvest. 
Lime and magnesia can exert their indispensable nutritive functions 
only in a certain dependence upon each other. Hence a certain ratio 
between these two nutrients will produce the most favorable results,” 
while a great excess of the one in the finest. portion of the soil will 
lead to starvation and of the other to poisonous phenomena. 


1Landw. Vers. Stat., Vol. LII, p.383 (1899). The basic properties of precipitated 
magnesium carbonate and of slaked lime are soon destroyed by the carbonic acid 
dissolved in the water of the soil. 

* Grundlagen des Ackerbaues, 2d ed., p. 598. 

* This ratio will differ somewhat with different crops. 


4784—No. 1—01 


2 


18 RELATION OF LIME AND MAGNESIA TO PLANT GROWTH. 


THE RATIO BETWEEN LIME AND MAGNESIA IN SOILS OF 
DIFFERENT COUNTRIES. 


Although soil analyses made in the old way do not permit of distin- 
guishing between those compounds in the soils that are present in a 
very easily assimilable condition and those that are not so easily avail- 
able, nevertheless a short review of the composition of soils of various 
countries might be made, since it will show at least what extremes of 
the lime and magnesia content might eventually, in case of fine distri- 
bution, be encountered by the roots. May it be distinctly understood, 
however, that it is beyond the scope of this bulletin to consider all the 
literature on soil analyses. This would have an essential value only if 
all the analyses were made in the manner indicated below. 


SOILS OF AMERICA. 


Soils of Alabama.—Bulletin No. 5,of the Agricultural Experiment 
Station at Auburn, Ala., gives analyses of soils and subsoils of eight 
different counties of that State. In three of these soils and four of the 
subsoils the content of magnesia exceeds that of lime: 


Per cent. 
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Soils of Louisiana.—A report published by the Louisiana State 
University on geology and agriculture, Baton Rouge, La., 1893, con- 
tains in the first part ten analyses of soils of northern Louisiana, from 
five different districts. These soils are poor, but yield fair returns 
when judiciously manured. From these analyses, it is seen that the 
soils are mostly poor in lime and magnesia. In five cases the content 
of magnesia exceeds that of lime: 
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In Part II of that report forty-five analyses of soils and subsoils 
from different formations and districts are communicated. In sixteen 
cases magnesia predominates over lime, but this excess is small in 
eleven of them. Omitting the rich calcareous soils, Nos. 22 and 23, 
there is found: 


Per cent. 
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In most of the very fertile a//wv/al soils of Louisiana the amounts 
of lime and magnesia are nearly equal, and only in three cases out of 
twelve (subsoils included) is there an undue preponderance of mag- 
nesia. é 

Soils of various States and sections.—As to Florida, North Caro- 
lina, South Carolina, and Georgia, and some States of the arid regions, 
a review on the composition of soils by Hilgard* was consulted, and 
the ayerage ratio of lime to magnesia calculated from these data, as 
follows: 


Ratio of lime to magnes ia in certain soils. 
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The soils of the arid regions of the four last-named States contain 
much more lime and magnesia and also more potassa and soda than 
the soils of the four first-named States of the humid regions, while the 
differences in the contents of phosphoric-acid, sulphuric acid, and 
ferric oxide are not so marked. It must be pointed out, further, that 
Hilgard omitted intentionally all typical calcareous or limestone soils 
from consideration. 

A comparatively small number of soils of Arizona, Utah, New Mexico, 
and Colorado have thus far been analyzed, but in most of these cases 
lime preponderates over magnesia. | In Bulletin No. 33 of the Colorado 
Agricultural Experiment Station are mentioned five analyses of soils of 
which two show more magnesia than lime, and in Bulletin No. 9, of 
the same station, are mentioned analyses of soils from seven different 
localities, of which only one shows more magnesia than lime. The 
excess of magnesia over lime in these three cases is but small. In the 
last mentioned seven analyses the maximum of lime is 3.69 per cent, of 
magnesia 1.61; the minimum of lime is 0.68, of magnesia 0.54 per cent. 

Of Utah soils, six samples were analyzed from Sanpete County * 
which show from 8 to 22 per cent of lime and only 0.15 to 1.8 per 
cent of magnesia. Of seven specimens of soils from Clarke County, 
none contained more magnesia than lime, the maximum of lime being 


14 report on the relation of soil to climate, by E. W. Hilgard, U. 8. Dept. of Agr., 
Weather Bureau Bul. No. 3, Washington, 1892. 

? Agr. Exp. Station Bul. No. 52, Logan, Utah. As to Arizona soils, some analyses 
are contained in Bul. No. 28 of the Agr. Exp. Station of Arizona. 
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2.75 per cent, of magnesia 1.71 per cent; the minimum of lime 0.87 
per cent, of magnesia 0,52 per cent. : 

Recent unalyses of soilsof Oregon’ show a prevalence of magnesia 
over lime in certain districts; in one sample from Washington County 
even 0.90 per cent of magnesia for only 0.13 per cent of lime was found. 

Some analyses of soils of Nevada show a considerable excess of lime 
over magnesia.” This seems to be true also in Wyoming.’ 

Soils from British Columbia.A—Of thirteen samples analyzed, only 
four contained more magnesia than lime. The minimum of lime was 
0.73 per cent, of magnesia 0.32 per cent;. the maxima, 1.86 and 1.55 
per cent, respectively. The ratio of lime to magnesia yaries from 
12 0-5>.t0 Deed: 

Soils of Texas.—The analyses of twenty-two soils from Texas’ show 
generally a considerable preponderance of lime over inagnesia. This 
is also the case in Michigan.’ Of twenty-nine different soils analyzed, 
not one contained more magnesia than lime, but the percentage of 
each of these oxides amounts in many cases to less than 1 per cent. 

Soils of Minnesota and North Dakota.—In Minnesota and North 
Dakota lime predominates in the majority of cases over magnesia, to 
judge from the analyses made thus far. Only in the southeastern part 
of Minnesota magnesia predominates in most cases over lime. Snyder® 
mentions as an average of two hundred Minnesota soils a lime content 
of 2.16 per cent and an average magnesia content of 0.55 per cent; 
hence the amount of lime is about four times as large as that of mag- 
nesia. In certain cases, however, the magnesia content exceeded the 
lime content by one-half. The minimum lime observed was 0.16 per 
cent, that of magnesia 0.10 per cent. 

As to North Dakota, there exist soils exceedingly rich in lime in the 
valleys of the Cheyenne, of the Red River, and of the Mouse River. 
In these cases the magnesia content remains below 2 per cent, while 
the lime content amounts from 18 to 23 per cent.*. A case with a rela- 
tively large excess of magnesia over lime was ebeere ed in the James 
River Valley, namely, 0.14 per cent of lime for 1.38 per cent of mag- 
nesia; hence the amount of magnesia exceeded that of lime nearly ten- 


fold. Of thirty cases in all, the magnesia exceeded the lime only in 
109t 
mont. 


' Oregon Noe: Exp. Station Bul. No. 20. 

* Nevada Agr. Exp. Station Bul. ae 19. 

* Wyoming Agr. Exp. Station Bul. No. 6. 

‘Experimental Farms Report, 1895, p. 200. These soils were never manured 
except incidentally by the droppings of animals when in pasture. 

° Texas Agr. Exp. Station Bul. No. 25. 

* Michigan Agr. Exp. Station Bul. et 99, 

"Minnesota Agr. Exp. Sta. Bul. No. 41, p. 32. 

“Analyses of A. F. Ladd, North ae Agr. Exp. Sta. Bul. No. 22. 
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Soils of Tennessee.—The Agricultural Experiment Station Bulletin, 
Vol. X, No. 3, Knoxville, Tenn., 1897, contains the mechanical and 
chemical analyses of fifteen soils and eleven subsoils. In fully twenty- 
one of these twenty-six soil analyses, the magnesia content is larger 
than that of lime. This excess is in some cases but small, but in some 
unduly large. Thus, the sandstone soil of Grundy County shows 
0.073 per cent of lime and 0.291 per cent of magnesia, or nearly four 
times as much magnesia as lime. Very correctly the reporting chem- 
ist, Charles F. Vanderford, remarks, on page 38, that ** it is certain that 
dolomite (magnesian limestone) soils are much more easily injured by 
working when too wet than the soils in which magnesia is less promi- 
nently a constituent; and it is also a fact that dolomite soils readily 
and happily respond to an application of lime from a high-grade 
calcium carbonate.” The soiis of Arkansas show partially the same 
characteristics as those of Tennessee, but further information regard- 
ing them is desirable. 

Soils of Rhode Island.—The Agricultural Experiment Station Bul- 
letin No. 72, Kingston, R. L., contains seven analyses of the soils of 
that State, but only one of these soils shows an excess (a moderate 
one) of magnesia over lime: 


Per cent. 
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Bulletin No. 68 and the Seventh Annual Report of the Rhode Island 
‘Experiment Station contain two analyses showing a preponderance of 
lime over magnesia.’ 

Soils from South America.—The writer’s search for a number ot 
soil analyses of South America was not crowned with much success. 
It may, however, be mentioned that two samples of very fertile soils 
of Paraguay” showed an excess of lime over magnesia: Lime, 0.138 
and 0.355 per cent; magnesia, 0.036 and 0.065 per cent. 


SOILS FROM EUROPEAN COUNTRIES. 


Soils from Russia.—The analyses of ten samples of the “Black 
earth,”* celebrated for its high degree of fertility, show from 0.66 to 
2.16 per cent of lime and from 0.23 to 1.39 per cent of magnesia, and 
in not a single instance more magnesia than lime. The amount of 


phosphoric acid runs from 0.09 to 1.66 per cent, that of potassa from 


1Soils of Bermuda are generally rich in lime, one sample of which contains as 
much as 51.4 per cent lime for only 0.756 per cent magnesia. 

* Jahresber. f. Agr. Chem., 1873. 

*Tbid., 1873. ; 
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0.13 to 1.44 percent. Very probably the mechanical condition of these 
soils is also very favorable. 

Soils froin Italy.—The analyses of soils from Italy, in the literature 
available to the writer, show a general preponderance of lime over 
magnesia.| Some of these are limestone soils, containing from 11 to 
19 per cent of lime. One of them shows only 0.09 per cent of mag- 
nesia for 11.04 per cent of lime, ora proportion of lime to magnesia 
of 1:0.008. In most of the soils analyzed the amount of magnesia is 
less than one-half of that of lime. 


Soils from Germany.—The analyses made of German soils relate in 
the majority of cases to lands manured for centuries. Liming is also 
an operation extensively practiced there. Nevertheless, there occur 
large districts that require liming, as in the northern part of the Oden- 
wald.* Of thirty-seven samples of soils of this district, however, only 
two were found to contain more magnesia than lime, and this excess 
was moderate. The alluvium of the Rhine frequently contains more 
magnesia than lime. Thus Wohltman® has analyzed, for purposes of 
valuation, soils belonging to seven different degrees of fertility. Of 
these, only the first-class soil showed, besides a larger proportion of 
potassa and phosphoric acid, more lime than magnesia, while the soils 
from the second to the seventh class contained from one and one-fourth 
to eight times more magnesia than lime. On the other hand the Rhine 
deposit at Langenau (Hessia) contains eight times more lime than 
magnesia, as seen from the analysis of E. Schulze, 1873. 

Many soils of the province of Brandenburg are very poor in lime 
(Ulbricht). An excess of magnesia over lime exists in the Berleburg 
district in Westfalen,* while in other parts of that province lime pre- 
dominates over magnesia. On the other hand, in thirty samples of 
humus soils of Hanover and neighboring districts lime predominates 
over magnesia.” 
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The limestone soils of the best wine-producing districts are often 
very rich in lime, not only in western Germany but also at the mouth 


'These soils serve to a great extent for the culture of tobacco. Cf. work of N. Spar- 
ano; Guida Agrario-Merceologica, Rome, 1899. 

*Lidecke, Jahresbericht f. Agriculturchemie, 1898. 

*Oentralbl. f. Agriculturchemie, 1897. 


‘Jahresber. f. Agricultarchemie, 1873. Also in certain Bohemian districts mag- 
nesia predominates over lime. Ibid., 1875 and 1876. 
* Analysis by Alberti, ibid., 1873 and 1874. 
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of the Rhone.’ In the eleven vineyard soils analyzed by A. Hilger? 
calcium carbonate was found from 3.1 to 69.6 per cent, and magnesium 
carbonate from 0.9 to 5.1 per cent. In nota single instance did the 
amount of magnesia exceed that of lime. 

A great number of soils have been analyzed in Germany, but many 
of the publications are not available to the writer. It may, however, 
be mentioned that in even some recent German publications on the 
composition of certain soils and their need of manure, so little atten- 
tion was paid to the amount of magnesia that this was not even quan- 
titatively determined, while potassa, lime, and phosphoric acid were. 

Soils from Hungary.—Bela von Bitt6* determined the lime and 
magnesia in soil and subsoil from forty-three localities in Hungary, 
and of the eighty-four analyses mentioned, there are only seventeen 
showing an excess of magnesia over lime. Comparing all those anal- 
yses there is found: 
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The range of proportion between the amounts of lime and magnesia 
is 1:0.02 to 1:3. In most cases of the excess of magnesia over lime, 
however, this excess is but small and does not amount to more than 
one-half. These soils have been manured for years, either with 
animal dung or with commercial fertilizers; hence, often considerable 
differences of composition occur in the same formation between sur- 
_face soil and subsoil, especially in the relation of the lime and mag- 
nesia content. 

From the observations of the above author it follows that the great- 
est yield was obtained on those soils in which the amount of magnesia 
either was smaller than that of lime or exceeded the latter only very 
moderately. It is to be regretted, however, that the mechanical con- 
dition and the amount of the other nutrients were not investigated, 
thereby permitting more reliable inferences. 

From the analyses of Hungarian soils by Tolles* it is seen that 
either the lime predominates over magnesia or if magnesia is in excess, 
it is but moderate, not reaching one and one-half times that of lime. 


SOILS FROM ASIATIC COUNTRIES. 


Soils from Japan.—A great number of soils have been analyzed in 
the laboratory of the geological survey of Japan, and very valuable 


'Analysis by Alberti, Jahresber. f. 3 Landw. Vers.-Stat., Vol. L, p. 245. 


Agriculturchemie, 1873 and 1874. *Ibid., Vol. XLII, p. 409, 1893. 


*Ibid., 1879 and 1886. 
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Government. Some typical soils show the following percentages of 
‘ime and magnesia: 


Percentages of lime and magnesia in some typical soils of Japan. 
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The last-mentioned soil is described as an excellent one. While in 
this case the ratio of lime to magnesia is as 1:0.6, there occur soils 
which contain more than double as much magnesia as lime. 

Soils from India.—The soils from the Indo-Gangetic alluvium * are 
almost without any pebbles. One of the most fertile soils shows the 
proportion of 0.47 per cent lime to 0.32 per cent magnesia, or 1:0.67. 
The highest percentage of lime (limestone soils excluded) was found 
to be 2.07 per cent, and of magnesia 1.97 per cent. The ratio of lime 
to magnesia varies from 1:0.56 to 1:2.35 among the eleven samples 
analyzed. 

In the brown alluvial soils from Madras lime occurs partly as carbon- 
ate and partly as hydrous silicate. The amount of lime varied in ten 
samples from 0.05 to 1.23 per cent, and that of magnesia from 0.20 to 
1.87 per cent, and the ratio of lime to magnesia from 1:1.52 to 1:1.42. 
It was not stated whether these loams and sandy soils contained the 
magnesia only as carbonate or partially as silicate; neither is mention 
made about fertility and the principal crops raised. Of seven samples 
of red soils from Madras, only one contained more lime than magnesia, 
and in one of them the amount of magnesia (1.1 per cent) exceeded 
that of lime (0.1 per cent) eleven times. 

In eighteen samples of the.black cotton soils of Regur the amount 
of lime varied from 1.16 to 5.35 per cent, that of magnesia from 1.79 
to 3.09 per cent, and the proportion of lime to magnesia from 1:005 to 
1:2. In the twelve samples of laterite soils analyzed the amount of 
lime varied from 0.14 to 1.5 per cent, that of magnesia from 0.2 to 0.81 
per cent, and the ratio of lime to magnesia from 1:0.4 to 1:2. 

In five samples of manured coffee soils the amount of lime varied 
from 0.3 to 0.44 per cent, that of magnesia from 0.38 to 0.66 per 
cent, and the ratio of lime to magnesia from 1:1.2 to 1:1.5. In 
eleven samples of tea soils the amount of lime varied from 0.03 to 0.25 
per cent, that of magnesia from 0.08 to 1.08 per cent. 


‘Analyses from T. W. Leather, in the Calcutta Agricultural Ledger, 1898, No. 2. 
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Recently four analyses of soils of southern India were published by 


(C. Massey,’ which show a considerable preponderance of lime over 


magnesia in that part of the country: Lime, 0.836, 0.993, 0.825, and 
0.999 per cent; magnesia, 0.210, 0.300, 0.255, and 0.352 per cent. It 
may be mentioned further that tobacco soils of Sumatra and Java, when 
extracted with acetic acid (diluted 1:5), yield more than twice as much 
lime as magnesia, according to Van Bemmelen’s analysis (1890). Again, 
soils of Asia Minor used near Smyrna and Erbeiti for the culture of 
fies contains more lime than magnesia.* 


SOILS FROM AFRICAN COUNTRIES. 


Analyses were recently published of soils of Cameroon, Senegambia, 
and German East Africa.’ In the five samples of Cameroon soils, as 
well as in the three samples of Senegambian soils, there is noticed a 
great deficiency of lime. The amount present ranges from 0.026 to 
to 0.174 per cent. Further, there is a considerable excess of magnesia 
over lime, amounting even to eleven fold and more. These soils would 
doubtless be much benefited by liming. 

Among the seventeen samples of soils from German East Africa 
there are not less than thirteen in which lime predominates over mag- 
nesia. Maximum of lime, 0.893 per cent; of magnesia, 0.530 per cent. 

Also eight samples of soils from different parts of the Congo State 
were analyzed,* four of these showing an excess of magnesia over lime. 


‘ SOILS FROM AUSTRALIA. 


Of analyses of Australian soils, two only, made by Mr. F. B. Guth- 


vie,’ are available. These soils were taken from the same field and 


were of a light sandy loam. While the crop (barley) was of good 
growth on one, it showed bare and stunted spots on the other. The 
mechanical analyses and the amounts of potash, phosphoric acid, and 
nitrogen in the two soils were very similar. The only difference of 
any moment shown by the analyses was in the content of lime. In the 
good soil it was 0.065 per cent; in the inferior, 0.015 per cent. The 
analyst recommends liming the inferior soil. Unfortunately, the 
magnesia was not determined, as it would probably throw more light 
on the causes of the inequalities in the two soils. 


RIVER DEPOSITS. 


It may, in addition, be mentioned that such river deposits as are 
highly esteemed for their fertilizing properties contain more lime than 
magnesia. The quantities of potassa and phosphoric acid present in 


1 Chemical News, 1895, Vol. LX XI, p. 261. 

* Cal. Agr. Exp. Stat. Bul. No. 101. 

3Jahresber. f. Agriculturchemie, p. 49, 1897. 

‘Thid., 1896. 

> Agr. Gaz. New South Wales, 10, 1899, No. 2, p. 166. 
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these sediments is by no means large, that of the former varying from 
0.10 per cent (Colorado) to 0.28 per cent (Rio Grande), that of the 
latter from 0.092 per cent (Rio Grande) to 0.27 per cent (Colorado, 
near Fort Yuma, Ariz.). The amount of lime and magnesia in some 
of these sediments was found as follows: 


Amount of lime and magnesia in some river sediments. 
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1Knop (1873) mentions, in his analyses from two different localities on the Nile, calcium carbonate, 
3.30 and 4 per cent, and magnesium carbonate, 0.78 and 0.28 per cent. The analysis in the table 
relates to another locality. 

2Annual report of the U. 8. Geographical Surveys west of the 100th Meridian, Capt. George M. 
Wheeler in charge, Washington, 1875. The sediment of the Colorado River from the vicinity of Fort 
Yuma, Ariz., was analyzed in the Agr. Exp. Sta. of Arizona, Bul. No. 6. 

Sediments in western Switzerland claimed to be very fertile, depos- 
ited by the Morges, the Sionne, and the Borgne, show lime, 2.34, 21.70, 
and 22.82 per cent; magnesia, 1.16, 1.25, and 1.12 per cent. 

It will be seen from the above review— 

(1) That the ratio of lime to magnesia ranges between wide limits. 

(2) That in the majority of cases lime predominates over magnesia. 

(3) That in all the instances of great fertility the soil never shows 
any marked excess of magnesia over lime, but, on the contrary, 
generally more lime than magnesia. 

In many of the above-cited instances, however, safe agricultural 
conclusions can not be drawn, since the mode of analysis (treatment 
with hydrochloric acid) does not admit of distinguishing between 
easily and difficultly available mineral nutrients. 


SOME SPECIAL PHYSIOLOGICAL CASES RELATING TO THE RATIO 
BETWEEN LIME AND MAGNESIA. 


Some physiological instances may now be considered which relate 
to the ratio between lime and magnesia. 

Knop' infers from his investigations with barley that two molecules 
of calcium nitrate should be present in the culture solution for one 
molecule of magnesium sulphate, which would correspond nearly to 
the proportion of 1 part of lime to 0.5 of magnesia. E. Wolff caleu- 
lates, however, for the minima of lime and magnesia required for the 
production of the dry matter of the oat plant 0.25 per cent lime and 
0.20 per cent magnesia, or a ratio 1:0.8. 


'Centralbl. f. Agriculturchemie, 1861, pp. 465, 564, and 945. 
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In experiments with maize, Knop found that the lime requirement 
of this plant is relatively larger than that of barlev. From the data 
given the suitable proportion of lime to magnesia would be 1:0.25. 
Stohmann differs, however, on this point, and applies the ratio of lime 
to magnesia as 1:0.6. 

As to the tobacco plant, cultivated for its abundant foliage and topped 
to prevent seed production, it is natural to suppose that it requires 
more lime in proportion to magnesia than the cereals generally do. 
The percentage amounts of lime and magnesia from a number of ash 
analyses of tobacco leaf may here be mentioned. In 100 parts of ash 
are contained: 


e 
Percentage of lime and magnesia in ash of tobacco leaf. 


Per cent of | Per cent of 


Leal lime. | magnesia. 
ineuniatiaced See eee seen = acer enn aS 31.12 8.58 
Wirpunial (OACEO=a <=2-- 2-228 a= e= =~ sees carn emer 47.27 | 10.16 
yar MARPO BECO = =-/2 = mee ra eee nT 32.56 | 14. 69 
Si Abeee int 170) 2s LCC ere arta aa a | 37. 36 | 6.37 
RCemtniGlayatODACCOne eee soca moots tea 35. 35 | 9.35 
Hunrarian) tObAGCO*s<a8— eae sores 27.1 to 60.3 6.1 to 24.8 
prem tODAC COS Seas saeco re cP aaaa as “aaa ak 39. 53 9.61 


2 Botan. Jahresber., 1881. 


1Kissling, der Tabak, ai 

It will be seen from these few data that while the amounts of lime 
and magnesia show a wide range there is always a considerable excess 
of the former over the latter. It might not be far from the truth to 
assume that the average lime content of the tobacco leaf is about four 
times that of magnesia. This would agree fairly well with the ratio 
shown by the analyses of H. Smith of Massachusetts tobaccos. The 
soils. however, should contain still more than four times the amount 
of lime compared with that of magnesia. 

Comparing that ratio with that found in the tobacco soils consider- 
able discrepancies are observed. From analyses of tobacco soils pub- 
lished by William Frear’ the following data relative to the lime and 
magnesia content may be quoted: 


Percentage of lime and magnesia content of certain tobacco soils. 


. 
| RS Frit Granville 
| Laneaster, Pa. Pi ee County, Sumatra. 
Element. : 5 N.C. 
) — — — ~ ——<—<— = — 
| : 
| ile | II. Ill. IV. Vv. 
| a | =e oa Jy 
| | 
| Per cent. \ Per ce nt. | Per cent. Per cent. Per cent. 
|. Aisi? SekeGscneezereecee ones 0. 61 0.41 | 0. 32 0. 07 0.77 
Magnesia ..-.--------------°- | 1.26 | 2.05 | 0.78 0.02 0.37 


1The soil of Lancaster County limestone helt in its relation to tobacco culture, 
Penn. State College Ann. Rept., 1894, p. 160. 
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The lime content of these soils is not only very low when the high 
lime requirement of the tobacco leaf is considered, but in the first three 
cases of the five mentioned the soils contain less lime than magnesia. 
Lime would prove of great benefit here, avoiding, however, magnesian 
limestone. On soil IV, however, magnesian limestone may be suc- 
cesstully applied. 

Tobacco soils in general must possess not only a proper chemical 
composition, but also a very satisfactory mechanical condition. * 

The rapid growth and the relatively large leaf surface make tobacco 
more susceptible to the mechanical condition of the soil than most 
crops, since the roots require conditions for a rapid spreading. It 
would be:of considerable interest in this regard to make a comparative 
investigation of the soils of Vuelta Abajo and Vuelta Ariba in Cuba. 
The two valleys are not separated by a great distance, but the former 
produces a tobacco far superior to that of the latter. _ 

That certain chemical qualities of tobacco are dependent upon a 
certain ratio of lime to magnesia seems to receive an illustration from 
the fact that in Italy the soils for raising tobacco are exceedingly rich 
in lime and sometimes very poor in magnesia. There it was observed 
that tobacco called Spagnuolo develops better odor (but not always a 
better aroma in smoking) when the amount of magnesia was increased 
by irrigating with water containing magnesium salts.” This is also 
asserted for the Shiras tobacco from Persia.” 

The grape also requires a considerable amount of lime, exceeding 
very much that of magnesia, as seen from the following data taken 
from Wolff's Tables: * 


Percentages of lime and magnesia required by the grape. 


ieee vine fete Lime in | Magnesia | Sydry 
‘| matter. 
' Per cent. Per cent. | Per cent. 
Woliee (mae ish) os so 12 nce setae ee ae eee eee 25. 69 10. 30 1.45 
Wood (in Repriary) i sss. ss-2 ct. oe eS 4 30. 41 7.19 137 
Wane (Riesling) Wate ei. o.com come. See oer ee 7.43 0.67 | 0. 28 
Upper wood - ances. se sohsseo e | 40.17 6.17 | 2.91 
TOWEL WOE Sa: ta ae os caine aoe ae ee ee 37.92 8.24 -} 2.70 
Upper lediyed(s.c4, cadets cee es, ake ee mee 18.17 7.35. | 6.96 
LO Wer LOAVGRy 626 icc op Se ea Menees saree ae Reece 50. 89 7.00 | 8.47 


) The soil from which these samples were derived contained 0.018 per cent of lime and 0.002 percent 
of magnesia, both soluble in cold concentrated hydrochloric acid. 


‘Compare especially the publications of Milton Whitney on tobacco soils, Bul. No. 
4, Weather Bureau, and No. 11, Division of Soils, U. 8. Dept. Agr. The above 
remarks are made for the condition that the lime and magnesia content are equally 
well assimilable in these soils. 

* Sparano, Guida Agrario-Meteorologica, Roma, 1899. 

*Ikew Garden Bulletin, 1895. 

* Aschen-Analysen, II, Berlin, 1880. 
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For one hectare of vineyard there would be annually required 45.48 
kilograms of lime and 16.92 kilograms of magnesia, or nearly two and 
two-thirds times as much lime as magnesia.’ It happens, however, that 
in the soils of the vineyards often a very different ratio prevails, and 
especially that their lime content runs very high. It was observed in 
France that soils too rich in lime (18 per cent and over) produced the 
‘* yellows” in the vines, and that spraying the leaves with a diluted 
(1 per cent) solution of ferrous sulphate cured the disease.” The high 
content of calcium carbonate of the soil probably neut ‘alized the acid 
secretions of the roots, and thus frustrated the absorption of the iron 
compounds from the soil. Neither magnesium nor ammonium sul- 
phate were observed to have any curative effect in these cases.* The 
question whether a great excess of lime can under other conditions 
snterfere with the absorption of the iron deserves further attention. 

Another cause of the ‘+ yellows” appears to be sometimes a lack of 
lime in the soil, since in certain districts of France, les Pouilles and 
PAude, slacked lime has been applied for the last fifty years to the 
affected foilage with much success, as Meunier, Cachard, and Gos 
report.’ 

Further causes of the ‘* yellows” may be a lack of magnesia or of 
phosphoric acid or of nitrogen. Stohman > mentions that plants culti- 
vated for some time without any supply of nitrogen compounds lose 
the normal green of the leaves, and that a supply of ammonium 
nitrate will remedy the evil. Knop* observed that an excess of cal- 
cium nitrate, as well as of magnesium nitrate, in culture solutions, can 
ause yellowing of the leaves, and that in such cases an addition of 
ammonium sulphate had a curative effect. Stohman, however, does 
not fully agree, since he was unable to cure such cases by ammonium 
nitrate. 

The writer showed years ago that a kind of ‘‘ yellows” is produced 
by a lack of phosphate.’ Alge turned gradually yellow in culture 
solutions in which phosphoric acid was absent, and the addition of a 
trace of secondary sodium phosphate sufficed to restore the normal 
ereen color. 

In regard to the dependence of full development upon the ratio of 
lime and magnesia, an interesting observation on the chestnut tree 
may be mentioned. Grandeau and Fliche* analyzed leaves and 
»ranches of a tree in. normal healthy development and of another of 


1 Wolft’s Tables, I, p. 63. 

2Jahrbuch der Deutschen Landw. Gesellschaft, Vol. VIII, p. 437. 

’The French grape vines are much more susceptible to the * yellows”’ alter being 
grafted with the American vine than they are before, as Liidecke mentions. The 
varieties Jaques and Riparia appear to be unable to thrive on soil with more than 18 
per cent of lime, but Rupestric is capable of it. 

4Le Progrés Agricole et Viticole, 1899, No. 31. 

5Chem. Centralbl., 1861, p. 597. 6Tbid., p. 476. 

7 Botan. Centralbl., 1891, p. 371. 8 Wolff’s Tables, II, p. 102. 
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poor and meager development. 


RELATION OF LIME AND MAGNESIA TO PLANT GROWTH. 


From the figures given a considerable 


difference in the content of potash, lime, and magnesia will be noticed. 
Lime is increased in the latter case, while magnesia and potash are 
diminished. 


In 100 parts of ash. 

Parts of tree. Total ash. rz aula 75 =m . 

| Potash. | Lime. | Magnesia. | Phosphoric 

| } } | acid. 

| bese a 4 i= Z & 

| | | } | 

| Percent. | Percent. | Percent. | Percent. | Per cent. 
NonmailliGavessc = 22-45-66 ica 4.8 21.67 | 45, 37 6.63 12. 32 

| Poorly developed leaves ....-. Tots 5.76 | 74. 55 3.70 12.50 
Normal branches.............- 4.74 11. 65 | 73. 26 3.99 4.53 
Poorly developed branches --.- 5.71 2.69 87.30 | 2.07 4,27 


Percentage of potash, lime, magnesia, etc., in leaves and branches of chestnut tree. 


The amount of magnesia relative to lime is considerably smaller in 
the poorly developed leaves and branches than in the normal ones of 
the chestnut, as seen from the following figures: 


A plant of special agricultural importance is the sugar beet. 


Magnesia to 100 
parts lime. 


iHealthysleavese® 2... 2. ae oe Se 14.8 
Poorly developed leaves’s-2 = eee ete ac 5 oon eS eee ed 
Healthy: branchés/2 2.3.3 3022 te aoe oac soc eee 5.4 
Poorlyedevelopedtibranchesi sees == =e a ee 2.3 


In 


comparing the lime and magnesia of this plant with that of others 


some data of interest are observed.' 


In 1,000 parts dry matter are 


contained: 


Percentage of lime and magnesia to 1,000 parts dry matter in sugar beets and other plants. 


I. GRASSES. 


Content. Per cent. | Plants, ete. 
| 
Minimum of magnesia .......... aaa 1.41 |. Young winter wheat (2). 
Maximum of magnesia.............. 6.50 | Maize in flowering stage (7). 
Mimi oli es 22.2 = 2-5-2 cea 2.71 | Winter wheat in flowering stage (7). 
Mamimumnot lime i222 2 a see 16.46 |-Rye grass (7). 
| 


Il. CLOVER AND OTHER 


FODDER HERBs. 


| Seradella in the flowering stage (8). 
Buckwheat, flowering (17). 


Red clover, flowering (13). 


Leaves of turnips (10). 
Leaves of sugar beet (25). 
Leaves of the common beet (18). 


Minimum of magnesia .............. 3. od 
Maximum of magnesia.............. 10. 90 
Minimum ot dime 2220... 22sec ches 10.52 | Lupin hay (38). 
Maximum Of Me teces. -cecnes ec. 38. 61 
III. LEAVES OF THE ROOT CROPS. 
Minimum of magnesia.............. 4.61 
Maximum of magnesia.............. 16. 86 
WiGhoobaequboawes lb bred) eves pepe ee ae 16,34 
INTE OT es ae a cersiete seis sock c 44.52 | Carrot (8). 


*Wolff’s Tables, II. 
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Percentage of lime and magnesia to 1,000 parts dry matter in sugar beets, etc. —Continued. 


IV. ROOT CROPS. 


| | 
Minimum of magnesia:....-.2...... 1.43 | Topinambur (2). 


| 
| 

Maximum of magnesia.-.........-.--- 8.26 | Common beet (19). 
MIMO lM eyes meee yee a 1.00 | Potato (59). 

| Miaxaimum) ot limme22 222 2=22eee=------ 8.49 | Turnips (13). | 


Notre.—The ne in parentheses indicate the numbers of analyses that Ses for cplemanen 
of the average. A few plants of subordinate interest were excluded from comparison. 

It is seen from these data that among the leaves of the plants of 
the three groups here considered (comprising in Wolff’s Tables seventy 
species from various families), the sugar beet leaves contain the high- 
est amount of magnesia, and, further, that among the leaves of root 
crops the common beet contains the maximum of magnesia in the 
roots and the minimum of lime in the leaves. From Wolff’s Tables, 
I (page 170), it can further be learned that of all the leaves there con- 
sidered those of the common beet and the sugar beet show, in relation 
to the amount of lime present, the largest amount of magnesia. 


Average lime and magnesia content to 1,000 parts dry matter in sugar and common 
beet leaves. 


Parts of Parts of 


Plant. lime. magnesia. 
SuUSarseehilenves teens oc crsccce, AOE ese Poacecng eee cite s.ee nee cen 25.76 26.34 
Common beemlenvest ae. sacecte coe een e eee Se GS ie eee 16.84 14.44 
Suicaribeewleaviessieseens a2 rem eccee eek, (ech set ee oe te Sle 30. 06 16. 86 
WomMIONNDeCUMeN Ves sone anes See mete ents eo aSeeitie ee sciences 16. 34 14. 62 


2 Wolff’s Tables, II, p. 145. 


1 Wolff's Tables, I, p. 170. 

It may be of some interest also to compare the ratio between lime 
and magnesia in leaves of various other plants. The following ratios 
were calculated from the average data given in Wolff’s Tables: 


Comparison of ratio of lime and magnesia in various plants. 


Total an | Ratio of 
Plant, ete. ous any lime to mag- | 
| matter. nesia. 
| Per cent. | 
Mi eaitatt Oueniia gan = ee aod Seen es Oe . ce mnie Aa sncicie 69.6 1.0.68 
Clover MOW erie. 5-2 seers eeaa- le ne eee ee, Selgin Re 68.6 1:0.31 
ATia Owen py aon see eer ty ise eerie =. - ocelee erercis ee 73.8 1eORI Ys} 
Tb{OY ON, 34 Sea eG eee ees a. 85 2 te Siar SACS a ree ee oe oe eee 41.0 UO S/ 
OCRLOMO Diese oan Nee ee eee nite aie cesses ciecinwccemec ~enee 85.8 1.0.50 | 
STREET peer te eet ee eee eit ee eee Sikes Wich s wleRimainis pamysios ste 116.4 10.12 | 
(CHRO! a Oe oF Rio IS, rel A RA ee eS I ea 55.8 1:0.10 
LQitEie 4 SoM aes a ye ae Set ee 180.3 10.44 | 
SU aC TC eee eee EN re eet an)> cicitteik chatsieiaytepeyate atalaiticyera 23.6 | 1.0.95 | 
SHURE OSCE Se Se Seem qgneS6 55S SA OPES SEES Sbnoceo de bonce san 148.8 | 1.0.56 | 
SUP NEG eenad coace soac GEIR SRL Sees EE eao  Se eee eae 175.8 | 1st 0263 
Conmnn bert. seek see. SuS7 Fea ree eet Ih Se ye 153. 4 10.90 | 


1 Wolff’s Tables, I. 2 Wolff's Tables, II. 
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The roots of the sugar beet contain only about one-fourth as much 
ash as the leaves, but relative to the lime more magnesia than the 
leaves.’ 


Lime and magnesia content to 1,000 parts of dry matter of root of sugar and common beet. 


| Ratio of 


Plant. | Fotal ash. Lime. Magnesia. | lime to 
magnesia. 
Per cent. | Per cent. Per cent. 
Suear beet? oe. sina cke = oo ea ee eee 38.3 | 2.33 3.01 gy es 
: / . 
Common" beet +: sis. Soe ee eee 75.8 | 2.83 8. 26 15229 | 


1 Recent publications mention a smaller amount of magnesia. 


The transformation of the common beet into the sugar beet seems 
to be connected with a small decrease of the magnesia content in the 
root and an increase of lime in the leaf. (See table above.) 

It is further of considerable interest that the seeds of the common 
beet and SUGULr beet are ANtLOnG$ those richest in MAGNESi. From Wolff's 
Tables, II, p. 142, containing the averages of sixty-seven different 
seeds and fruits, it will be seen that for 1,000 parts of dry matter of 
seed the magnesia content was from 0.12 parts (horse chestnut) to 10.02 
parts, which maximum belongs to the seed of the common beet. For 
1,000 parts of the seeds of the sugar beet the magnesia content amounts 
to 8.55 parts, which number is only surpassed by that for the almond 
(8.65 parts). The lime content of those seeds is a moderate one, 8.83 
and 11.89 parts, respectively, for 1,000 parts of dry matter, while the 
extremes are 0.15 (winter barley) and 33.05 (carrot). 

The sugar beet belongs to those crops that are rich in mineral 
matter, since the ash varies from 14 to 20 per cent and over. It can, 
therefore, not create surprise to see beets still grow on soils which 
by a certain content of soluble salts interfere seriously with other 
crops, as grasses and legumes. Hilgard and Loughridge* made 
experiments on lands considerably impregnated with alkali salts in 
southern California, and inferred that sugar beets may even be raised 
on soils containing as much as 12,000 pounds of alkali salts per acre 
to the depth of 3 feet. These salts consisted of sulphates, nitrates, 
chlorides, and carbonates, but the chlorid content did not exceed 500 
pounds per acre. 

Champion and Pellet found that for the formation of 100 pounds of 
sugar in beets the whole plant must consume: 


Pounds. Pounds. 
EOS DORICWACIN secre. te 2 oe | 1.) tod Zapebime:s se. tate) 2 See 1.5 to 1.6 
ELOLAR ME east asie telat ec nls 5: torGxOwieMisonGsia. oo. o.oe ee eee 1.2 to 1.4 
oto (Ot 2 Soper. 6 Nee i a 1. 5 to, 230 Rye Nitrapen os S802. 58s)... eee ee 2. LOvaue 


' Wolff's Tables, IT. 
* Report of the Cal. Expt. Sta., 1894 and 1895. 
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From all these considerations we can infer that for the culture of 
the sugar beet one of the many conditions of success is a magnesia 
content nearly equaling the lime content of the soil. 

Numerous manuring experiments have been made, with more or less 
success, to ascertain the best development of the sugar beet to insure 
the maximum production of saccharose. Some attention should also 
be paid to the regulation of the ratio between lime and magnesia in 
the soil, as this may prove of great importance. 


CORRECTION OF LIME AND MAGNESIA CONTENT IN SOILS. 


Although there are crops which require a relatively large amount 
of magnesia when roots, tubers, and seeds are richer in magnesia than 
in lime, yet the entire plants of any crop require more lime than mag- 
nesia, since the stalks and leaves show a preponderance of lime; hence 
such soils would, other things being equal, be best adapted for agri- 
cultural purposes which show a preponderance of lime over magnesia, 
at least in the finer particles available to the plant roots. The amounts 
of lime and magnesia, in kilograms, extracted from one hectar (nearly 
9.5 acres) of ground by various plants in one year’ are in average as 


follows: 
Lime and magnesia extracted from soil by various plants. 


Plants, ete. Lime. Magnesia. 


kilograms. | Kilograms. 


| LON eS7 il Shae a Se eS OOS > sae eee Hee BAILS COSC Se eet ae Ee ea 16 10 

| HUGE) 3 aso gaees SoSaco denne 54 gr dee Jo5 aoe con poe Se eee EE saooee 30 15 

HEE G bebo eee eet ee ese ee sete say hive owes webinceee | 40 20 | 
| (SOUIMONIDE Case epee eee See see = eee Saale ss cee saci Seceeccal 40 ZN 
PON ARNG 42 ae PALA Swe 2 AL lee ee | 46 | 17 | 
| ROP UNINC SO aera eee ee eee ie etoe ewe ka ce nace een eee ewe cee | 50 | 12 | 
ee PingestOreste ee ee eer SE oe eco e coe ee cmateecuecs 70 | 9 | 


Since, however, the roots come into direct contact with only a rela- 
tively small portion of the soil, the absolute amount of available lime 
and magnesia must be very much greater than would follow from the 
data in the table. — 

The review of soils above given leaves no doubt that lime prepon- 
derates over magnesia in most soils, and that the very best soils show, 
among other advantages, this peculiarity. But, nevertheless, cases are 
not infrequent in which the amount of magnesia is larger than that of 
lime. As long as this excess is only moderate no evil effects may be 
noticed, but they become evident when this relative excess is consider- 
able. A correction of the soil by liming for the physiological needs of 
the crops will then be in order. The nature of the crops and the depth 
to which the roots penetrate will serve as a basis for the extent of 


1 Ebermayer, Chemie der Pflanzen, Vol. I. 
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liming. An undesirable increase of magnesia is often caused by the 
manuring with crude potassium salts of Stassfurt, as above pointed 
out. In this case also liming furnishes the remedy.* 

This correction grows in importance with the absolute amount of 
magnesia contained in the soils,” since the poisonous effect of magnesia 
grows with the concentration. It is therefore clear that the determi- 
nation and balancing of the available amount of magnesia and lime in 
the soils is necessary for successful farming on apparently infertile 
soils. The amount, however, available for the next crop is not 
obtained by treating the entire soil with concentrated hydrochloric 
acid, since compounds are thereby dissolved which the roots can not 
utilize before their further disintegration or final distribution. The 
system of Dyer, consisting in the treatment of the soil with 1 per 
cent citric acid for seven days after ‘‘neutralization” of the carbon- 
ates, is apparently more in accord with the dissolving power of the 
roots, but Lemmermann® has shown for potassa that even 5 per cent 
hydrochloric acid does not extract all that is available for certain 
plants. This may hold good also for lime and magnesia whenever 
they are present, not as carbonates, but wholly or partially as hydrous 
silicates. Since Daikuhara* has observed for phosphoric acid that 
soils treated with acetic, citric, or oxalic acids in 1 per cent solution 
are only partially deprived of the phosphoric acid available for barley, 
it will be best to follow the system of Thoms—that is, to treat the soil 
with a hydrochloric acid of 10 per cent. However, with that modifi- 
cation only that portion of a soil that passes through a 0.5 cm. sieve 
is thus treated,’ and the percentage in this fine sand, silt, and clay 
only is determined. It will be best to mix 200 grams of this fine 
portion in a 1-liter flask with 400 c.c. of the 10 per cént hydrochloric 
acid, and let the mixture stand, with frequent shaking, for one day at 
the ordinary temperature. Water is then added to fill up to 1 liter, 


and, after well mixing and filtering, certain portions of the filtrate 


'P. Wagner very correctly remarks (Jahresbericht fiir Agrikultur Chemie, 1897, 
p. 254): “The successful application of the crude Stassfurt salts containing chlorid 
and sulphate of magnesium presumes a soil rich in carbonate of calcium. More 
attention has to be paid to the magnesia content of the Stassfurt salts than has 
hitherto been the case. Under certain circumstances the magnesia content can act 
very favorably, while a too rich manuring with magnesia salts may prove injurious.” 


This is exactly what follows from the writer’s theory published five years previous 
to Wagner’s utterances. 

* The excess of magnesia over lime in soils never reaches such proportions as, on 
the other hand, the excess of lime over magnesia may dp. Thus, there frequently 
exist soils with 20 per cent to 40 per cent of carbonate of lime, while soils with over 
5 per cent of carbonate of magnesia are rarely found. 

®Landw. Vers. Stat., Vol. XLIX, p. 33. 

‘Private communication. 

Still more correct results might be obtained by using a 0.2 cm. sieve, but this 
must be determined by further tests. 
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serve for the determination of the available nutrients. The results 
are calculated for the whole soil. Thus, the easily available amounts 
of lime and magnesia will be at least approximately obtained. It will 
be impossible to obtain numbers that are constants of availability, 
since the roots of different species have also different powers of absorp- 
tion. Nilsen and Eggertz* found that a very fertile soil became, after 
extraction with 2 per cent hydrochloric acid, sterile for barley. but 
not yet sterile for oats. A treatment of the soil with acid of double 
the strength was necessary to render it sterile for oats. 

As regards the separation of the soil into a finer and coarser portion, 
it must be mentioned that experiments have proved that the finer 
particles come principally into consideration in regard to fertility. 
Larger particles may be attacked along their surface only, but will 
not be dissolved by one year’s growth of vegetation. 

Should the analyses not show, as above assumed, an excess of 
magnesia, hut, on the contrary, an amount of available magnesia far 
below that of lime in the fine particles of the soil, an addition of finely 
ground unburned magnesite or unburned pulverized magnesian lime- 
stone should be made. The application of artificially precipitated basic 
magnesium carbonate or burned magnesia can not be recommended, 
since they are not only too expensive for the purposes of agriculture, 
but also very injurious, being easily absorbed, owing to their very 
fine pulverulent condition. 

The above-mentioned experiments of Ulbricht furnish abundant 
proof of the considerable differences in the action of powdered 
magnesite and precipitated magnesium carbonate. 

Finally, the analysis may show a lack of lime as well as of magnesia. 
Soils occur, indeed, with less than 0.1 per cent of these nutrients. 
Manuring with a mixture of marl and magnesite or with pulverized 
magnesian limestone containing less than 40 per cent magnesia is then 
in order. 

If the ratio of lime and magnesia in the soils is judicially regulated, 
great benefit to agriculture will result and an essential step forward 
be made. 


}Landw. Vers. Stat., 1891, Vol. XX XVIII, p. 344. 


IeeeAPERIMENTAR-SEUDY OF THE RELATION OF LIME: AND 
MAGNESIA TO PLANT GROWTH. 


By D. W. May, 
Of the Office of Experiment Stations. 


INTRODUCTION. 


The wide distribution of lime and magnesia in soils is very evident 
from the tables of analyses presented in the first part of this bulletin. 
The fact that these elements are in some degree present in all soils and 
able to supply the direct needs of plants has probably been the reason 
for the neglect of the extended study of their relations to each other. 


THE ROLE OF LIME IN THE SOIL. 


The necessity of lime and magnesia in plant production is a fact that 
has long been recognized. The favorable influence of lime on certain 
soils has led to the very common agricultural practice of liming. The 
presence of lime may serve several purposes. It supplies this neces- 
sary element in the construction of plant tissue, hastens the decompo- 
sition of organic matter, facilitates the assimilation of other elements, 
and produces favorable physical conditions in the soil. It also causes 
an increased bacteriological and fungous growth in the soil, in some 
cases favorable to plants,as in reducing the club-root of the turnip 
and cabbage,’ and sometimes unfavorable, as increasing the scab of 
potatoes.» Deherain mentions that agriculture in some sections of 
France has by the use of lime undergone an entire revolution. 

Lime may then serve in plant production in several réles, which 
may be denominated physical, chemical, and physiological. Physically, 
it may be of benefit when added to stiff, retentive clays, rendering 
them mellow, better drained, and more easily cultivated. Chemically, 
it will render available and within the ability of the plant to absorb 
certain necessary elements locked up in an insoluble combination. 
Physiologically, it has a necessary rdle to play in carrying on the 
functions of plant growth and the building up of cells. It is the latter 
réle of the element in connection with magnesia that this paper deals. 


THE ROLE OF MAGNESIA IN THE SOIL. 


Certain experiments as well as the percentage of magnesia found in 
plants, especially in the seeds, prove the necessity of this element in 
plant production. Besides being a necessary constituent of plants, it 
plays a physiological réle, serving especially in aiding the assimilation 


1Campbell, Board Agr. Rpt., Great Britain, 1894-95. 
2Wheeler, Rhode Island Rpt., 1896. 
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of phosphoric. acid, as already pointed out. It is not the province of- 
this report to discuss at any length the physiological action of lime 
and magnesia. That subject is presented in detail in the first part of 
this bulletin, in which Dr. Loew, from the results of investigations, 
draws the conclusion that where magnesia is in excess, the lime, as the 
stronger base, will combine with the acid of the magnesium salt, while 
the magnesia will enter into the place which the lime had occupied in 
the organized structure. Again, if lime salts are in great excess the 
formation of magnesium phosphate, and consequently the assimilation 
of phosphoric acid will be retarded. 

An excess of magnesia in soils may exert a poisonous action upon 
plants. This has been noticed in applying limestone containing a 
large percentage of magnesia. Again, the continued application of 
potassic fertilizers as kainit and carnallit containing magnesia has in 
some instances rendered the soil unfit for agricultural purposes. This 
is probably due to the raising of the magnesia content of the soil, as 
may be done'by continued application of certain crude potash salts. 
A sample examined by the writer contained 9.37 per cent of magnesia. 
The difference in the lime and magnesia content may also be influ- 
enced in another way. Goessman reports! an increased loss of lime 
from soils to which muriate of potash was applied. The analysis of 
drainage water from such plats showed a large percentage of calcium 
chlorid. 

Magnesia is found naturally in alkali soils of the arid districts and 
possibly in soils of the humid regions to such an extent as to render 
them barren of any vegetation. It is also highly probable that the 
magnesia content of a great many soils is excessive to such an extent 
as to hinder them in producing maximum crops. 


THE OBJECT OF THE EXPERIMENTS. 


The object of the work herein reported was to study the effect of 
varying amounts of calcium and magnesium salts on the growth of 
economic plants, and especially the ameliorating effects of lime salts 
in overcoming the noxious results of an excess of magnesia. It was 
also sought to determine the ratio between the two bases which best 
promote the early germination and quick development of plants. 
This might throw some light on the question of liming, as giving some 
indication of the amount of lime to be supplied, and in other cases 
pointing out the danger of adding an excessive amount of magnesia 
through applying certain limestone and potassic fertilizers containing 
that base. Another point sought to be brought out is the form in 
which lime best acts in counteracting the noxious effects of an excess 
of magnesia and also the testing of chemical nutrients other than lime 
in ameliorating such evil results. 

The experiments described were begun in 1899, and cultures of the 


‘Mass. Hatch. Exp. Sta. Bulletin No. 38. _ 


EXPERIMENTAL STUDY. 39 


different plants in the various media were continued up to June, 1901. 
Not only does it take some time to get assured results in culture experi- 
ments, but owing to the various elements involved in many soils 
employed it is necessary to have accumulative evidence to warrant 
safe deductions. In making the experiments, water, sand, and soil 
cultures were employed and comparisons made of many trials in the 
different media used. In the sand and soil cultures the calcium and 
magnesium were incorporated as carbonates, sulphates, and nitrates. 
In water cultures the more soluble salts of nitrates and sulphates were 
employed. In comparing the two bases the molecular weights have 
been used for reasons readily apparent. If there is a ratio of effect 
between the two elements the molecular weight is the better basis of 
estimating it, but in agricultural practice the actual weight, as a matter 
of course, would be found the more practicable. However, as may 
be readily seen, one ratio may be quickly estimated from the other. 


LIME AND MAGNESIA AS NITRATES AND SULPHATES IN WATER 
CULTURES. 


The following series of water cultures were made in bottles holding 
250 ¢.c., the stem of the plant being supported by a cotton plug in the 
mouth of the bottle. The bottles were placed in a box covered with 
sand to exclude light from the roots. The plant used was a variety of 
cowpea which had been sprouted in clean sawdust. 

These experiments were preliminary and made not alone for the evi- 
dence shown by the results attained, but as a basis to guide in more 
extended trials. It was not attempted to bring the plants to maturity 
in the small amounts of culture media used, but to carry them beyond 
the point where a direct physiological result would appear from the 
addition of the various percentages of the lime and magnesia salts 
employed. 

The following solutions of magnesium and calcium salts were made 
up with distilled water, and plants 5 cm. high were set July 17. The 
results are shown in the following table: 


Results of experiments with cowpeas set July 17. 


July 17. July 20. July 23. 
| No. of es 
eee Solution. Per cent. Condition. Condition. 
| ea 
21 GY ol Se eS Fee aa] ee Blea thivess = 2~ Sotn.cn ete sen Drooping. 
| 2) MgO/as MgSO,. ......222.--.1- hate) Mejerted! 4». ..22 2.2: | Dead. 
| 3 | MgO as Mg(NOg)s...---------- 0.1 | Leaves shriveled ......... | Dying. 
4 | Ga@ras Ga (NOs\s.25--=5-25.4-- 0.1 TE RSENS Tig Sete eae eee es Healthy. 
MgO’ as Mg(NOg)o ...--.----.- ).05 } 
5]| Bees Ig (NOs)s : if \pealthy pee eras See ferry ie Healthy. | 
MRCaOrasiGau(NOs\s22.-0-22..-2- 0.05 | 
| S v Dew ene ene eeee 0. 5 | 
6! MEO “ Mg(NOs)s | ree \Healthy Mis oR Scicidd Salect aise Healthy. 
| PGEXO ESIGN GS (0) Fae ee eee | O:1 |i 
| o =) /) | 
TI DRORN GG Aaa rear | Ai ss 5 ee Dead. 
RROIASUKGS On ep eee ects. Se 0.1 || | 


| | 
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On July 23 there were added to the bottles containing plants still 
living, viz, No. 4, No. 5, and No. 6, 2 ¢. c. of a 14 per cent nutrient 
solution, made up as follows: 


; Per cent. | Per cent. 
REM O sr cen eis Tape ee oe Se 5 | Nal genc5..:. 5.5. 1. 25 
URGING): tee ate Aoi ele nk gee eeae a hea” B |. FeSOfes 2. 0. 25 
(INTEL Omen nee, 2 52 AS oe B75 | 


On August 18, twenty-seven days from the time the plants had been 
set in the culture solutions, they had attained a growth as follows: 


aaee Solution. | Per cent. | Height. | Roots. 
| i | 
| | | 

| Cm. cm. 

A OO Manes reste ens ai seis aidaccs ae cen aatte sem ke mic 0.1 | 19 7 

Al NVI Oe See sera ie ete ee sisiac eek: = aise aerocle cise a amierae swale 0.05 |) DA 3 
NRACENO Ta Sc 8 Ne i te ee IN ere ee 5 ee ee 0.05 || 

all DVL OO gre etree ey tee atc Se era noo vrei ae SE sic 0.05 | 17 = 

d+ | ‘ 

HNP OURO NIES se eae ee Se eee 0.1 | 


The plants in the solutions containing both lime and magnesia were 
of normal appearance and growth. The plant in No. 4, with 0.1 per 
cent of lime and no magnesia, exhibited red spots on the leaves, and 
appeared as though the physiological processes had been interfered with. 

On July 30 another series was started, using the cowpea, sprouted 
as before, and 9 cm. high. To each bottle was added 1 ¢. c. of a nutri- 
ent solution of the composition used in the previous experiment. The 
following table shows the additional nutrients added and the results: 


Results of experiments with cowpeas set July 30. 


| July 30. August 4. | August 7. | August 13. 
No. of | | 
bottle. Solution. Per cent. | Condition. | Condition. Condition. 
| |(Dead. 
AChceicwwee shee. rt is .----, Growing... | Dying at top... J Height, 20 em. 
Roots, 8 em. 
| ifeeeeee 
9 | MgO as Mg(NOx)o ..-. 0.1 | Growing....| Dying at top....) Height, 24cm. 
eae 7 em. 
: | |(Healthy. 
10 a eO'Rs Mg(NOs)2 Ppa ot }Growing.... Healthy ......... , Height, 18 em. 
|| CaO as Ca(NOs)o.-.--- 0.05 | Root ude 
MgO as Mg(NOsz)o .... Oil ‘i | aa 3 
0] ioscan ONE = ay ie parc ywing....| Healthy ........ Height, 35 em. 
Ca alae eesre | | |[Roots, 10 em. 
MgO as Mg(NOs)o A 0.1 i) : | Healy 
| 12. 5 3/2 eee |/Growing....| Healthy ........ Height, 28 em. 
|| Ca0.as Ca(NOg)s...--- 0.2 J | teas 
Roots, 10 em, 
13 MgO as Mg(NOg)o -... 0.1 \prooping...| Dying .......... [Dead 
|| FeO as FeSO,......... 0.02 J aie |Height, 25 em. 
14: MgO as Mg(NOg)s ....| 0.1 lGrowing.... Healthy ..... 2. [Peas 
|| NasO as NaNO,....... 0.1 | 7 |Height, 28 em, 
'{Dead. 


|Height, 28 em. 


p : | : 
15 | MgO as MgSOy,........ 0.1 | Growing....] Dejected 
| 
| 
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In this series the cotyledons were attached to the plants when reset, 
and they, together with the nutrients in the solutions, enabled all the 
plants to make same growth. However, without exception, they were 
soon overcome by the noxious influence of magnesia in the absence 
of lime, while those in solutions containing lime preserved a normal 
appearance. 

On August 13a series of cultures were started, using cowpeas 30 
em. high. The plants had been sprouted in clean sawdust, and had 
exhausted the substance stored in the cotyledons. One cubic centi- 
meter of the nutrient solution was added to each bottle, the additional 
nutrients added, and the results are shown in the following table: 


Results of experiments with cowpeas set August 13. 


August 13. | August 20. | August 27. September 6, 
t 
No. of + — == 
bottle. Solution. Jo Condition. | Condition. Condition. 
te) Ghrowkeest eae ese ee ees, Dejected ..| Dying ..... Dead. 
17 | MgO as Mg(NOs3)2---:| 0.1 | Growing...| Dying ..... Dead. 
18 | CaO as Ca(NO3)o.----- 0.1 | Growing...| Healthy .... Growth ceased, leaves 
curling. 
xT y\= | | 
19 | MgO as Mg(NOs)2 0.05 Growing. ..| Healthy ...| Healthy. 
CaO as Ca(NOs)o------ 0.05 | 
20| MgO as me ay aa 0.05 } Growing. - | Healthy ...| Healthy. 
CaO as Ca(NOQs3)o.-.----} On) | | 
ee 5 et 
oil NazO as NaaCO, ---.-- ghee Sees ..| Healthy ...| Healthy. 
|| CaO as Ca(NOs)s------ eg i aa 
F 0 | 
22 MgO as Mg(NOg)a --.-| 0.1 \erowing. =a yaInes Sai =. | Dead. 
| K,0 as KNO3.-.--=2-4- OF) | 
Hees. cae | 
231 en us ony peo | 0.1 erowane: 2 i] Healthy ...| Healthy. 
120 as Ca(NO3)o------ | 0.05 | } 
oal| MgO as Mg(NOsg)s ---- 0.1 i eaeerainte 3 i Healthy ...| Healthy. 
|| CaO as Ca(NOsg)o------ 0.1 | | | | 
oe | | | 
251 WOMEN Oy Se Nerewdane Healthy ...| Healthy. 
| CaO as Ca(NOs)o- ----- OFZ) || | 
‘i ( Droppin 
og|| M&O .as Mg(NOs)o----, 0.1 Neicoeriae o) en OnPBe lead. 
|| FeO as FeSQ,......... 0.02 | leaves. |] 
MgO as Mg(NOsg)o----) 0.1 | 
a7! ‘Growing...| Dying vad. 
aN NAOCRI ke ee | 0.1 Growing. iD yimpy = ==. - | Deat 
28 | MgO as MgSOy....---- | 0.1 | Growing...) Dying -...- | Dead. 


In these experiments, with lime and magnesia in solutions, the 
results under like conditions were very uniform throughout. When 
the death of the plant ensued there was first noted a shrinkage of the 
leaf, followed by a browning of the root system and a stoppage in the 
development. The growth of root hairs, especially, was hindered. As 
plants sprouted in solid media and transferred to water cultures throw 
out a different kind of root hair in order to adapt themselves to the new 
media, it is probable that the first injury in the magnesia solution lies 
in the deterrent action of that element upon this process. 

While the action of magnesia in the absence of lime proved poison- 
ous, the absence of magnesia with lime present when a certain point 
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was reached resulted in the arrested development of the plant. The 
action of both elements were not in such excess as to vroduce a 
physical effect, but rather a physiological one. 

The experiments also show that potassium, sodium, and iron salts do 
not serve in the place of calcium salts in overcoming noxious effects of 
an excess of magnesia. In general, the potassium and sodium, both as 
nitrate and sulphate, seemed to reduce to some extent the toxicity of 
the magnesia, but not to such an extent as to justify their employment 
in actual practice. The iron sulphate, on the contrary, appeared to 
increase the toxicity of the excess of magnesia. Loew has already 
pointed out! that magnesia as nitrate and sulphate is alone more 
noxious to plants than sodium or potassium alone. 

In order to test the influence of an excess of magnesia upon the stem 
and foliage, a series of water cultures were made, using herbaceous 
branches, about 30 cm. in length, of the privet (Ligustrum vulgare). 
The solutions were made up and the results were as reported in the 
following table: 


Results of experiments with privet set August 23. 


| August 23. September 15. October 4. 
No. of | 
| bettle. | = : Per 7A =e sie 
| Solution. eat Condition, Condition. 
| 29 | Distilled water ..... asa Normale. Fee ease tocar | Normal. 
| | 
| 30 | MgO as MgSO,......| 0.2 | Few upper leaves left ...... 
31 | MgO as Mg(NOs) 9 =| 0.2 | Stem blackened; leaves 
| fallen. 
32 | CaO as Ca(NOg)o-..- 0.2 | Leaves curled and mostly 
| | 
fallen. | 
| | és zs R 
f MgO as Mg(NOsz)o -- 0.4 ‘ oe rae, {Leaves mostly fallen; 
33 e ueaves slightly curled...... : 
| \| CaO as Ca(NOs)o---.| 0.1 (color normal, 
34 | MgO as MgSQy....-..| 0.2 | Stem blackened; leaves | 
| | 
| fallen. | 
{| MgO as MgSO,...-.-- | 0.1 |). 
Ore pele: f Norm lees. <2 cee eee | No if 
| 35)) CaO as Ca(NOs)o--..| 0.1 || orma | ormal 


From the foregoing tables it will be noticed that an excess of mag- 
nesium salts in the absence of calcium salts proved noxious to the extent 
of killing the plant. Where calcium salts were used without magne- 
sium the plant made a slow growth for a while, but later ceased grow- 
ing and exhibited phenomena of starvation—the development being 
arrested and the leaves assuming a light shade of green. Where the 
magnesium and calcium were used in conjunction, the plants in every 
instance made a healthy growth. In such combination the best final 
growth was made in a solution where the lime was in moderate excess 
of the magnesia, and the total amount of soluble salts, including 
nutrient, did not exceed 0.3 per cent. 


‘Bul. No. 18, U. 8S. Dept. Agr., Veg., Phys., and Path.: ‘‘Physiological réle of 
chemical nutrients.’’ 
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The uniformity in the favorable results with the different lime salts 
in overcoming the poisonous effects of an excess of magnesia indicate 
that the action was due to the basic and not to the acid radical. 
Should there be a favorable action of the acid radical in this relation 
it would appear in cases where a magnesium salt was employed with 
such an acid radical. The uniform toxic effect of the magnesia in 
excess without lime, and the elimination of that effect in the presence 
of lime. indicate that the acid radical of the salt has none or at least 
very little influence in the matter aside from favoring solubility, as 
further experiments prove. Lime appears to be the only antidote, as 
far as the elements were tested, for combating an excessive amount of 
magnesia. 


LIME AND MAGNESIA AS CARBONATES IN SAND CULTURE. 


In order to further study the relation of lime and magnesia to each 
other in their effect upon plant growth other experiments were 
planned. 

To 60 kilograms of clean, white quartz sand there were added the 
following compounds: 


Per cent. 
Reales AOR OO eee ene hancement es 5 4-255+- Ov 
Ons Ca, (POD) ge 2 ona a = a ee inne ES = 8- + == 3- 0.2 
iS S Org i OS 0 hie: 86 2c Oe ee ee ee ee 0.1 
ESO Piece Bet 48 Re eels ane ate ney eS 0.1 


To 30 kilograms of the sand there were added MgO as MgCO,, 0.1 
per cent; and to the remaining 30 kilograms, MgO as MgCO,, 1 per 
cent. The chemicals were rubbed up in a mortar, added to a small 
portion of the sand, and then to the whole amount. The sand was 
put into twelve pots, holding 5 kilograms each. Those with the 
minimum amount of magnesia were marked 7 to 6A, inclusive: those 
with the maximum amount, 72 to 2B, inclusive. 


EXPERIMENTS WITH TOBACCO. 


In the first series, marked 4, the portion of CaO to MgO was 15 
to1. In the second series, marked 2B, the porportion of CaO to MgO 
was 3 to 5. On January 6, tobacco plants 5 em. high were taken from 
rich soil, the roots carefully washed, and were set in the sand. <A 
nutrient solution was made up consisting of KNO,, 10 per cent; 
NH,NO,, 10 per cent; H,KPO,, 1 per cent. There was added each 
week to each pot 1 c. c. of this solution. 

The plants in the 4 pots continued to grow, were of normal appear- 
ance, and good color. The plants in the pots ceased growing after 
they were planted; the lower leaves turned yellow and died, the upper 
contracted, became thickened and wrinkled, and acquired a deeper 
shade of green. 
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On March 7, when the experiment was closed, the plants in A pots 
were healthy, of good color, and with twelve to thirteen leaves; height, 
from 16 to 20 cm. Plants in 2B pots were nearly dead, apparently 
atrophied, with from two to three leaves, and were from 3 to 4 em. 
high. For samples of these plants, see Pl. I. 

A very similar experiment was made as follows: To 20 kilograms of 
sand, washed with dilute hydrochloric acid, there was added nutrients, 
as in the preceding case, except that in the 4 pots the percentage of 
MgO as carbonate was increased, making the proportion of CaO to 
MgO as 10 to 1, while in the 2 pots the proportion of CaO to MgO was. 
as 1 to 2, the total amount of the MgO being 1 per cent of the whole 
culture medium. The nutrient solution was added each week as in the 
previous case. The pots were watered with distilled water. 

On February 8 tobacco plants grown in rich soil, and about 5 cm. 
high, were taken, the roots carefully washed, and set in the sand in 3 
pots of each series. In the remaining 6 pots barley was planted. 

On March 7 the tobacco plants in_A pots were in healthy, normal 
condition, height 7 to 10 cm., of good color, thrifty, and with seven to 
eight leaves. The tobacco plants in 2 pots were stunted, 24 to 4 cm. 
high, lower leaves dead or dying, upper leaves dark green, thickened, 
and wrinkled. The plants were apparently dying by atrophy; number 
of leaves, three to four. 

The barley in the 4 pots was 14 to 27 cm. high and in a normal, 
healthy condition. The plants in the 2 pots were 4 to 5 cm. high and 
diseased. 

In these experiments the action of an excess of magnesia in the soil 
seemed to result in the cessation of growth in the plant and the thick- 
ening and wrinkling of the leaf, at the same time the leaf assumed a 
deeper shade of green and showed a tendency to curl. The roots 
showed little development, were without root hairs, and after some 
time became shriveled, and assumed a dark brown color. 

To the pots in the preceding experiment marked # and containing 
1 per cent of MgO as carbonate there was now added enough CaO as 
carbonate to make the proportion of CaO to MgO in three as 1 to 1 
and in the other three as 2 to 1. This was done with the object in 
view of determining the effect of calcium carbonate in overcoming the 
noxious influence of an excess of magnesium carbonate. 


EXPERIMENTS WITH BARLEY. 


On April 21 the pots were planted to barley which was sprouting on 
the 26th. On May 7 the plants were of good color, but on the 8th 
became slightly yellow, and upon examination showed an unhealthy 
root system. On May 28 the plants were making no growth and were 
removed. 

On May 26 tobacco plants 7 em. high were set in the same pots and 
barley was also replanted. June 4 the tobacco was making no growth 


Bul. 1, Bureau of Plant Industry, U. S. Dept. of Agriculture. 
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and lower leaves were dying. To one pot of each proportion there 
was added daily until June 18 one-fourth gram, or a total amount of 
3.5 grams of CaO as nitrate. On June 9 the plants were all making 
but little growth, those in pots to which the nitrate was added making 
the best appearance. June 25 the roots of the tobacco and barley 
were dead. The barley had made a growth of from 7 to 10 cm.; tobacco, 
no growth at all. 


EXPERIMENTS WITH OATS, WHEAT, AND BEANS. 


In the same soils trials were made with oats, wheat, and beans with 
similar unsatisfactory results. It appeared as time passed that the 
calcium carbonate had a slight influence in overcoming the toxicity of 
the magnesia, but its effect was of slow action. In these experiments 
the magnesia was very finely divided, and it is believed that the failure 
in this instance was due to the great fineness of the magnesia prepara- 
tion and its greater solubility over the lime. In one of the pots in 
this experiment 0.4 per cent of CaSO, was added. In this case the 
plants continued to grow in a normal manner, while in the pots to 
which the sulphate had not been added the injurious results continued. 
This addition of the sulphate permitted of the due action of the lime 
by presenting it in a more finely divided and more soluble form. 

C. Schreiber found that when lime was lacking in certain experi- 
ments germination was much retarded. Potatoes under these condi- 
tions were found after three or four months in almost the same state 
as when planted. In overcoming this the action of calcium sulphate 
was much more effective than the action of burnt lime and carbonate 
of lime. In experiments with two fertilizers, the first containing 
dicalcium phosphate, sulphate of lime, and carbonate of magnesia, the 
second, phosphate of soda, carbonate of lime and magnesia, in every 
case the yield was much lower with the latter. This was due, the 
author states, to the action of the carbonate of lime and magnesia in 
rendering the phosphate of soda insoluble. At the Rhode Island 
experiment station, where various forms of lime were tested for 
neutralizing acid soils, the carbonate was found to be most effective. 

The experiments of the writer with the carbonate show that in over- 
coming the noxious effects of magnesia its action was very slow, owing 
apparently to its not being in a finely divided condition and its difficult 
solubility. At the New York State experiment station® no results 
were obtained on sorghum with carbonate of lime applied the same 
season. Wheeler states* that calcium sulphate is believed to act more 
energetically than carbonate of lime, air-slacked or water-slacked lime 
in liberating potash for the use of plants in soil. 


1Revue Agronomique, Vol. IV, No. 1. 
Report New York State Exp. Sta. for 1891. 
®’ Farmers’ Bulletin No. 77. 2 
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LIME AND MAGNESIA AS CARBONATES IN SOIL CULTURES. 


To further test the influence of calcium and magnesium as carbon- 
ates on the growth of plants soil cultures were made. In this experi- 
ment a sea-island cotton soil was employed, consisting largely of sand 
with some silt and clay. The particles were finely divided, 1 kilogram 
passing through a 2-mm. sieve, leaving a residue of only 13 grams. 
Analyses showed a large amount of iron but a very small amount of 
lime and magnesia. 

To the soil there was added: 


Per cent. | Per cent. 
TEER ELO yale it ax Roma pe es 0.2 |-(NH,),80,2 2.2.5 eae: eae 0.2 
TEC 1a aie Eerie aie cornet hn a amet ee Of | AKINO). ..< iss. sehen Ovi 


The soil was put into twenty pots, a series of nine in duplicate and 
two extra. Lime and magnesia as carbonate was incorporated, as in 
the following schedule: 


No. pot. Cao. | Mego. 
faze eee | 
| Per cent. Per cent. 
1 Og) 0.1 
2 0.8 0.2 | 
3 0.7 0.3 
4 0.6 0.4 
5 0.5 0.5 
6 0.4 0.6 
ff 0.3 0.7 
8 Br 0.8 
9 UAL: 0.9) | 
10 0.8 0.2 
11 | 0.2 0.5 


EXPERIMENTS WITH OATS AND COWPEAS. 


One series of pots, Nos. 1 to 9, holding 1 kilogram each of soil, was 
planted to oats, the other to cowpeas, and were watered with distilled 
water. The seed germinated first and plants were best beginning with 
the pots containing the largest amount of lime and the smallest amount 
of magnesia, and ranging down in thriftiness to those containing the 
smallest amount of lime and the greatest amount of magnesia. Later 
the best growth of both oats and cowpeas was in the soils containing 
CaO 0.8 per cent and MgO 0.2 per cent. In all cases where the CaO 
was 0.6 per cent and less and the MgO was 0.4 per cent and more the 
plants made a very sickly growth or else died outright. In the two 
extra pots planted to tobacco, No. 10, with CaO 0.8 per cent and MgO 
0.2 per cent, the plant made a normal growth, while in No. 11, with 
CaO 0.2 per cent and MgO 0.8 per cent, the plant became atrophied 
and died. In these cases the action of the lime in counteracting the 
noxious influence of the magnesia was at most very limited. 

To further test the matter, there was added to five pots containing 
0.5, 0.7, 0.8, and 0.9 per cent of MgO 0.4 per cent of CaO as sulphate, 
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making the proportion of CaO as sulphate to MgO as carbonate as 
follows: 4 to 5,4 to 6, 4 to 7,4 to 8, and 4 to 9, respectively, or, count- 
ing the calcium carbonate previously added, CaO to MgO as 9 to 5, 
8 to 6, 7 to 7, 6 to 8,and 5 to 9. In the pots oats were replanted, and 
in the course of nine days were uniformly sprouted in each pot. They 
continued to grow, were of good color, thrifty, and were. free from 
shriveling of the root system, as was the case before the calcium sul- 
phate was added. These plants were brought to maturity, producing 
seed. (See Pl. II.) The growth in the five pots appeared to be 
normal except in the last, containing a total of CaO 0.5 per cent, or 
as sulphate 0.4,and MgO 0.9 per cent. Here, while there was a mod- 
erate development of the plant, it did not show the thrifty condition 
of the other plants in the soils containing more lime, indicating that 
there was not enough calcium in soluble form to wholly counteract 
the injurious effects of the magnesia. 

While the plants in the pots to which calcium sulphate had been 
added were growing, the pots containing the carbonates were replanted 
from time to time. The injurious results were continuous during the 
several months, the calcium carbonate not being able during a period 
of that length to counteract the effect of the excess of magnesia. 


LIME AND MAGNESIUM AS NITRATES IN SAND CULTURES. 


In order to test the two bases, calcium and magnesium, in a more 
soluble form, sand cultures were made in which these two elements 
were applied in the form of nitrates. These series of cultures were 
made to test the relation of the two bases to each other, and to find 
that ratio between the two that offered the best conditions for the 
growth of plants. 

There was added to 30 kilograms of pure white sterilized sand the 
following: 


Per cent. 
BOEIEG) pee eee eine SS 0.1 
ECT LO ey. «ok ces RR Ie i ee 0.1 
1 UNO ISS See oat Se Pe Oe Re ae ee oe 2 0.2 
(VE: ) Sie Se eereemmia ene Tlie wee h. 0.1 
IAC O eee ne Seine | eed cet ee a eee Trace. 


These salts were finely powdered, mixed with a small quantity of 
sand, and then with the whole. The sand was put into sixteen pots, 
in two series of eight each, and calcium and magnesium nitrates added 
in solution in such proportion as to correspond to the following ratios: 


To 2 A pots, MgO, 0.8 per cent; CaO, 0.1-per cent. 
B pots, MgO, 0.7 per cent; CaO, 0.2 per cent. 
C pots, MgO, 0.6 per cent; CaO, 0.3 Ler cent. 
D pots, MgO, 0.5 per cent; CaO, 0.4 per cent. 
E pots, MgO, 0.4 per cent; CaO, 0.5 per cent. 
F pots, MgO, 0.3 per cent; CaO, 0.6 per cent. 
G pots, MgO, 0.2 per cent; CaO, 0.7 per cent. 
H pots, MgO, 0.1 per cent; CaO, 0.8 per cent. 
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EXPERIMENTS WITH WHEAT AND OATS. = 


On July 11 the pots were planted to wheat. On July 18 the wheat 
plants had made growths as follows: 


Mgo. CaO. Growth. 
Per cent. Per cent. Centimeters. 

0.1 0.8 2.5 

| 0.2 0.7 | 2.5 
0.3 0.6 | 12 
| 0.4 0.5 | 18 
- | 0.5 0.4 | 15 
0.6 0.3 | 5 
0.7 Wee 5 

0.8 0.1 | 2.5 

| 


On July 23 the growths made were comparatively as reported above 
(see Pl. ILI, fig. 1). 

On August 6 the plants in one series of pots were taken up and the 
root system examined, with the following results: In pots with— 


T t 
MgO. | CaO. Growth. | Condition. | 
| | 
Per cent. | Per'cent. | Centimeters. | 
0.1 0.8 6 | Bushy, poorly developed. 
| ee) 0.7 | 6 | Bushy, poorly developed. 
0.3 0.6 | 16 Bushy, well developed. 
| 0.4 0.5 | 16 | Bushy, well developed, 
| 0.5 0.4 | 7 Poorly developed. 
| 0.6 0.3 | 3 No root hairs. 
| 0.7 | 0.2 3 No root hairs. 
| 0.8 | 0.1 4 No root hairs. 
| 


As in the growth above ground, the root systems showed the most 
favorable conditions to be present where the amount of soluble CaO 
was slightly in excess of the soluble MeO. Where the CaO was in 
great excess the root system was apparently healthy, but poorly 
developed. When the MgO was in greatest excess the root system 
showed an unhealthy condition, the absence of root hairs, and later 
the shrinkage and discoloration of the larger portion of the root. 

On August 20, forty days from the time of planting, the wheat in 
the remaining series of eight pots, with the exception of the extremes, 
had become more equal in height. The general thriftiness of the 
plants, however, appeared to range as before reported, the pots with 
lime moderately in excess of magnesia making the best growth, the 
plants in the pot with MgO 0.4 per cent and CaO 0.5 per cent being 
larger and stronger, and the thriftiness ranging from this ratio down 
to MgO 0.2 and CaO 0.7, and MgO 0.7 and CaO 0.2 per cent. In the 


two extreme pots the plants were dead. 
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Fig 1.—WHEAT IN SAND CULTURES. 


Pots from left to right ranging in MgO 0.8 to 0.1, CaO 0.1 to 0.8 per cent as nitrates. 


Fic. 2.—COWPEAS IN SOILS SHOWING EFFECT OF VARIABLE APPLICATIONS OF LIME AND 


MAGNESIA. 
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It will be observed that the amounts of soluble salts in this experi- 
ment were very largely in excess of the needs of the plants. They 
were made so in order to thoroughly test the capacity of the lime in 
counteracting the noxious influence of the magnesia, and the bases 
were not added with the view of conserving the best conditions of 
plant growth or with the idea of bringing them to their full develop- 
ment. 

The experiments tend to show that the most favorable condition for 
the growth of wheat is in the soil where the amount of available lime 
is in moderate excess over the amount of available magnesia. If the 
amount of magnesia is too small in the presence of a larger percentage 
of lime the plant shows phenomena, apparently, of starvation. If the 
amount of magnesia is excessive, with a deficiency of lime, the mag- 
nesia exerts a poisonous influence upon the plant. 

The Deutsche Landwirtschaftliche Presse states that calcium car- 
bonate in the soil to the amount of 0.46 per cent had an injurious effect 
upon lupins, and that this was overcome by an application of kainit. 
The action of kainit in this case was probably due to its magnesia 
content. 

In a trial with oats in these series of pots the results were as with 
wheat—the germination was quickest and growth best in the pots with 
MgO 0.4 and CaO 0.5 per cent. 


EXPERIMENTS WITH COWPEAS. 


After the removal of the wheat one series of pots was planted to 
cowpeas and one to tobacco. With the cowpeas the results of the 
most favorable ratio of lime to magnesia was the same as with wheat. 
The seed germinated in the same order, the ratio of CaO 0.5 and MeO 
0.4 being the more favorable, and the growth of plants decreasing 
from that pot to the two extremes. The cowpeas, however, appeared 
to be more tolerant of the excess of the two salts in the extreme pots, 
and after germination the plants grew better than the wheat plants. 
Since the cowpea contains more of the mineral nutrients stored up in 
its seeds than wheat grains, the evil effects of an excess of magnesia 
or lack of lime in the soil can be better counteracted up to a certain 
stage in the development of the plant. 


EXPERIMENTS WITH TOBACCO. 


To. the second series of eight pots tobacco plants about 5 cm. high 
were transplanted from soil. Beginning with the pot containing 
CaO 0.8 and MgO 0.1 per cent, the plant started into quickest growth, 
showing the greediness of this plant for lime. Later, however, this 
plant became spindling and of light color, while the plants in the pots 


1Vol. 23, Nos. 91 and 92. 
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with MgO 0.2 per cent, CaO 0.7 per cent, MgO 0.3 per cent, and 
JaO 0.6 per cent made a better growth and were of normal propor- 
tions and of good color. 

The figures for the best proportions of lime to magnesia in soils for 
the early germination and quick development of plants refer, of course, 
to the soluble amounts—that is, to that portion directly available to 
the immediate needs of the plant. These figures are therefore arbi- 
trary in agricultural practice, owing to the variation of the solubility 
of these elements in the soil. It will also be noticed that soluble mag- 
nesia in excess of soluble lime in small amounts may have a deterrent 
action upon plant growth while not becoming noxious to the extent of 
killing the plant. Also, lime may be in a great excess over magnesia, 
and yet there may be enough of the latter element available to respond 
to all the requirements of the plant. 


LIME AS SULPHATE AND MAGNESIA AS CARBONATE IN SOIL 
CULTURES. 


From the preceding experiments the favorable action of gypsum in 
counteracting the toxic action of magnesia is apparent. From an 
agricultural standpoint it is, besides, the most available form for liming 
because of its cheapness as compared with other of the more soluble 
forms of lime. 

To further test the action of gypsum in combination with an excess 
of magnesia, cultures were made up in iron pots holding 30 kilograms 
each. The soil had the following composition: 


Per cent, Per cent. 
nine y oravie ligee= seemeeyee er ate oct oe 0:65. | Silt... 2. +. sacs eee 
(Woarse Sand sie ee ee ae ee 4.20 .| Clay... .. 2:23.30 seeee 9. 80 
Nien sir Glenna s so eae eer 9.40. | Loss-on ignition = 22 294-2 eee 3. 67 
Hime sand. a Sse pe eee ey ook 30. 55 | 
Verysiine sand ze ceeaeso tcl csee 20N4 Total .2: 32. ee 100. 20 


Soluble in 1.115 per cent hydrochloric acid: CaO, 0.14 per cent; MgO, 0.144 per 
cent. 


Four pots were made up as follows, using magnesia where applied 
as carbonate and lime as sulphate: 


— 
INo. pot. Solution, Per cent. 
dy) CHECK ree emer at sneer leminaacten 
25 | EO Res. weary a ie ater aan oye eh | 
MEO Sranectece teen ee ee. 
3 {Mg ( 
Ca Olseteee se aot ae 0.8 
‘ [IMS Osea acta teen cede 1, 0:58 
ICs; Ses toe bees 0.2 
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EXPERIMENTS WITH COWPEAS. 


The four pots were planted to cowpeas April 12. On April 22 plants 
were up in Nos. 1, 2, and 3, and on the 25th in No. 4. On May 15 
the plants were all thrifty, and the following shows the growths on that 
date and on June 14: 


GROWTH ON MAY 15. | GROWTH ON JuN® 14. 
Centimeters. | Centimeters. 
INO Ss (Comn(> renee ee oe ees fA. 210) 11 SING) Ue See ay i eed ae eee ree a 34 
DS Desa cae a na ok VI ie’ beh ok inet Tesh aA Steel ee: CR oe es el Ane 5 
ING ete. Deane ae ec ane eee os OWING Wee ered eck Aa ae 34 
INOS ook ates et ee es ree ee od ee 19 


Nos. 1, 2, and 3 were very much alike in general thriftiness and 
were of a uniform dark-green color. No. + was spindling and of a 
light-green color. On June 26, one and one-half months from 
planting, a photograph was taken of the four pots. (See Pl. III, 
fig. 2.) No. 1 is the check; No. 2, CaO, as sulphate, 0.8 per cent; No. 
3, CaO, as sulphate. 0.8 per cent; MgO, as carbonate, 0.2 per cent; 
No. 4, CaO, as sulphate, 0.2 per cent; MgO, as carbonate, 0.68 per 
cent. 

It will be noticed that the addition of an excess of calcium sulphate 
did not cause a deterrent effect in the presence of 0.144 of soluble 
magnesia, nor did the addition of more magnesia in No. 3 produce ¢ 
favorable effect over the check, showing that the magnesia already 
present was sufficient for the plants grown. As shown by the check, 
No. 1, 0.14 per cent of soluble lime was also sufficient for the direct 
needs of the plant. In No. 4, with the addition of 0.68 per cent of 
magnesium carbonate and 0.2 per cent of calcium sulphate, the noxious 
influence of the former is apparent. While not suflicient to cause the 
death of the plants, it hindered their growth to such an extent as to 
preclude the possibility of the production of a profitable crop. 

While liming may be profitably carried on for bettering the physical 
condition of soil, the correction of acidity, and other reasons, it may 
also in certain cases be beneficial from a physiological standpoint. 
The need for it may be surmised from an analysis of the soil. Though 
only the soluble lime and magnesia affect the immediate growth of 
plants in a given soil, it is apparent that where one element is in great 
excess of the other it will naturally be present in larger proportion in 
the soil solution. 

When the magnesia content of the soil is large and the application 
of calcium sulphate is expensive, the determination of the soluble salts 
would be advisable before liming. However, in that case the applica- 
tion of lime, though lessened, would be of only temporary advantage, 
as successive applications would be needed. In this connection, it 
would be of value to construct a table showing the curve of solubility 
of lime and magnesium salts in the same culture medium or solution. 
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The experiments herein reported show that where the lime and mag- 
nesia are in a wholly soluble condition, the plants germinated quickest 
and made the more rapid growth where the lime was in slight excess 
over the magnesia. In actual practice the case can not be governed 
so closely, for then we are dealing with a very complex combination— 
the soil. Moreover, it is hard to determine at each stage the form in 
which the lime and magnesia exists in the soil. Again, different plants - 
are variously affected by an excess of magnesia in soils. In practice, 
therefore, it is difficult to lay down hard and fast rules for liming the 
soils for physiological results. 

As borne out by experiments, gypsum appears to be, all things con- 
sidered, the most available form of lime to apply in overcoming the 
noxious influence of an excess of magnesia. An excess of gypsum is 
little to be feared, as the plant seems to be able to use magnesia if 
present in sufficient amount for its direct needs, whether gypsum be 
present in large amount or small. On the other hand, a lack of lime 
in a soluble form is more to be guarded against, for in this case the 
magnesia, if in a certain excess, will be assimilated to the detriment of 
the plant. Magnesium carbonate we found might be ina slight excess 
over calcium sulphate, and normal healthy growth of the plant be 
made. However, this excess should be small, not greater, with cereals, 
than 2 to 1. With cowpeas, as shown, a ratio of MgO as carbonate 
0.68 to CaO as sulphate 0.2 per cent, while not toxic to the extent of 
killing the plant, was so injurious as to prevent profitable growth. In 
these cases the solubility of the salts in the soil were not determined. 
In liming, therefore, for any purpose, it is advisable to know the lime 
and magnesia content of the soil, both the soluble and total, as well 
as the content in the fertilizer applied. Underliming is more to be 
guarded against than overliming, care being taken that magnesian 
limestone is not applied where an excess of magnesia ir already present. 


SUMMARY. 


Soil analyses show that lime and magnesia are widely distributed in 
soils and generally in sufficient quantities for the direct needs of plants. 
They are not always in the best proportions to each other, from a 
physiological standpoint, for favoring plant growth. 

Magnesia ina soil in great excess over lime in a finely divided or 
soluble condition is noxious to the growth of plants. With a great 
excess of lime over magnesia the physiological action of the plant is 
hindered and it exhibits phenomena of starvation. An excess of lime 
counteracts the poisonous effects of magnesia, while the more fayor- 
able proportion of the two bases obviates the poor nutrition of the 
plant. 

The best proportion of soluble lime to soluble magnesia for the 
germination and growth of plants is about molecular weight 5 to 4, or 
actual weight 7 to 4. 
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The more soluble forms of magnesia, as nitrate and sulphate, are in 
excess more injurious to plants. than the less soluble as carbonate, 
while the more soluble forms of lime as sulphate and nitrate are 
more efficient in overcoming the noxious effects of magnesia than less 
soluble forms as carbonate. 

In applying fertilizers containing magnesia, as in the crude potash 
salts, liming should be carried on in conjunction unless the soil is 
known to contain an excess of lime. Where the lime content of the 
soil is about equal to or less than the magnesia content, lime in a 
finely divided form, as sulphate, should be supplied with the fertilizer 
in an amount in excess of the magnesia present in the latter. 

In liming soils the amount of lime and magnesia should be first 
determined in both the soil and the material applied. In this way 
only can the process be intelligently carried out and the best ratio 
between the two bases for the promotion of the growth of crops be 
maintained. 
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‘ida ese h eae 


The following technical paper on the Spermatogenesis and Fecunda- 
tion of Zamia, by Dr. Herbert J. Webber, embodies the results of 
investigations started by him several years ago at our tropical labora- 
tory in Florida. The time at his disposal for this work was very 
limited, so that it has extended over a much longer period than was 
at first expected. 

As an aid to the practical work of plant breeding it is highly 
important that a more thorough knowledge of the reproduction of 
plants be gained. Such investigations throw light on the phenomena 
of heredity, which are at the foundation of plant breeding work. The 
present paper is of especial interest because the large size of the sexual 
nuclei in Zamia has enabled Dr. Webber to work out some of the phe- 
nomena of fecundation with greater exactness than has ever been done 
before. 

ALBERT F. Woops. 


OFFICE OF THE PATHOLOGIST AND PHYSIOLOGIST, 
Washington, D. C., July 20, 1901. 
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SPERMATOGENESIS AND FECUNDATION OF ZAMIA, 


By Herpert J. WEBBER, 
Physiologist. 


INTRODUCTION. 


Within recent years renewed interest has been awakened in the 
phenomena accompanying spermatogenesis in plants, due largely to 
researches on certain cycadaceous plants and Pteridophytes in which 
the cilia of the spermatozoid have been found to develop from a body 
resembling a centrosome. This interest was greatly enhanced by the 
fact that the enormous spermatozoids of the Cycadacee and Ginkgo 
were but newly discovered, and in groups of plants where motile 
sexual cells had not been known to occur. Zoological activity in this 
direction has also been very great in recent years, a number of cases 
having been described in which it is claimed that the axial filament is 
developed directly from the centrosome which here forms the so-called 
middle piece (Aiittelstiich) of the spermatozoon. 

The writer’s investigations on the spermatogenesis and fecundation 
of Zamia and Ginkgo began in 1897, and since that time several pre- 
liminary papers and short notes have been issued in various places. 
In 1897 three preliminary papers were published in the Botanical 
Gazette and a short note in the Report of the British Association for 
the Advancement of Science. In 1898 additional observations were 
described in a report read at the American Association for the Adyance- 
ment of Science, and in 1900 still further observations, particularly 
on the morphology and development of the pollen tube apparatus, were 
described. The present paper covers the ground connectedly, more 
in detail, and with illustrations. The investigation is of considerable 
interest as throwing light on the phenomena accompanying fecunda- 
tion and on the relation of the cilia-forming organs of spermatogenous 
cells to centrosomes or centrospheres. 


SUMMARY OF RECENT LITERATURE. 


The following summary of the recent literature on the spermato- 
genesis of Pteridophytes, cycadaceous plants, and Ginkgo, arranged 
in order of publication, will give an idea of the advancement of our 
knowledge in this direction. 
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The occurrence of spermatozoids in Ginkgo was first announced by 
Hirase, a Japanese botanist, in a short note in- Japanese in the Botan- 
ical Magazine of October, 1896, and a few months later in a prelimi- 
nary contribution, ‘‘ Untersuchungen’ iiber das Verhalten des Pollens 
von Ginkgo biloba,” published in Botanisches Centralblatt, Nos. 2 and 3, 
Band 69, appearing January, 1897. The important features here 
described, other than the fact of the occurrence of motile spermato- 
zoids in one of the phanerogams where they had never before been 
known to occur, was the structure of the mature spermatozoid, which 
was described as consisting of a nucleus completely surrounded by 
cytoplasm. While Belajeff had strongly maintained that the cytoplasm 
entered into the structure of the spermatozoids of certain ferns and of 
Chara, this was yet considered doubtful. Hirase says: 

Die Spermatozoiden von Ginkgo haben eine andere Gestalt als die der hoheren 
Kryptogamen. Sie sind eiformig, 824 lang bei 49” Breite; in der Mitte sitzt der 
Zellkern, welcher durch Cytoplasma vollig umschlossen ist. Der Kopf besteht aus 
drei nie erstreckbar gebauten Spiralwindungen, worauf viele Cilien wurzeln, auch ist 
ein spitzer Schwanz vorhanden. 

About the same time (November 20, 1896) Professor Ikeno, another 
Japanese botanist associated with Hirase in the University of Tokyo, 
announced the discovery of spermatozoids in Cycas.. The first an- 
nouncement appeared in the Botanical Magazine, November 20, 1896, 
and was almost immediately followed by a short statement in Botani- 
sches Centralblatt (61). Here, as in the case of Hirase’s preliminary 
announcements above referred to, the articles are limited to a simple 
statement of the occurrence of the spermatozoids and their structure, 
nothing being given as to their development. Ikeno wrote: 

Sie sind etwas grosser als die letzteren [those of Ginkgo] und enthalten Zellkern 
und Cytoplasma. Der Zellkern nimmt den mittleren Theil derselben ein und wird 
von dem Cytoplasma yollig umhullt. Der Kopf besteht aus vier Spiralwindungen 
und trigt sehr reichlich Cilien. Im pollinschlauch findet man zur richtigen Zeit je 
zwei durch die Theilung der generativen Zelle entstandene Spermatozoiden. 

In the June, 1897, number of the Annals of Botany, Ikeno and 
Hirase (68) together published a short note in English announcing 
the discovery of spermatozoids in Cycas and Ginkgo. However, no 
important additional facts were given. 

In the June, 1897, number of the Botanical Gazette the writer’s 
first preliminary paper, entitled ‘‘ Peculiar Structures Occurring in 
the Pollen Tube of Zama,” appeared. The pollen tube apparatus was 
described and the central cell (generative cell) was traced through its 
growth up to the close of its division just preceding the formation of 
the spermatozoids. Very large centrosome-like bodies were found 
in the central cell and their growth, structure, separation of outer 
membrane into segments during division, and disconnection with spin- 
dle formation was described and figured. The discovery of motile 
spermatozoids was alsg announced, but their development was not 
explained. 
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In the July, 1897, number of the Botanical Gazette the writer's 
second preliminary paper on ‘‘The Development of the Antherozoids 
of Zamia” appeared. The membrane formed from the outer wall of 
the centrosome-like body was found to grow into an extended band 
which assumed the form of a helicoid spiral, became appressed against 
the plasma membrane of the cell, and gave rise to the cilia of the sperma- 
tozoid. The cilia appear first as small protuberances on the band and 
gradually grow in length until mature. The structure of the mature 
spermatozoids, their motions in the pollen tube and while swimming 
free in sugar solutions, were described and figured. Their action in 
the process of fecundation was also described. 

Almost simultaneously with the publication of the writer's second pre- 
liminary paper on ‘‘The Development of the Antherozoids of Zamia,” 
Belajeff, a Russian botanist, published two preliminary papers describ- 
ing the presence of acilia-forming organ or Vebenkern in the spermatids 
of Filicinere and Equisetinee (8 and 9), which is doubtless identical 
with the similar organ in Zaméa and Ginkgo. They apparently origi- 
nate in the spermatids, since no trace of them could be discovered in 
the spermatid mother-cells in the resting condition or during karyo- 
kinesis. The first changes visible in the metamorphosis of the sperma- 
tid cells occur in these organs. They gradually become extended 
into a thread which assumes the form of a helicoid spiral of which the 
extended turns of the posterior end surround the nucleus. The cilia 
of the spermatozoids are developed from the anterior end of this 
spiral, appearing first as small protuberances on the thread, which 
finally become greatly extended and form the cilia. 

In the October number of the Botanical Gazette the writer’s third 
preliminary paper, ‘‘ Notes on the Fecundation of Zamia and the 
Pollen-tube Apparatus of Ginkgo,” appeared. In this paper the 
important features described were that in the fecundation of Zuma 
the spermatozoid enters the protoplasm at the apex of the egg cell 
where it undergoes disintegration, the nucleus escaping from the 
cytoplasm and spiral band of the spermatozoid and passing thence 
alone to the egg nucleus with which it unites. The fecundation is 
thus a union of cells, the cytoplasmic structures of the spermatozoid 
fusing with the cytoplasm of the egg cell, while the sperm nucleus 
passes on and fuses with the egg nucleus. The spiral band which is 
developed from the centrosome-like body was shown to. have no con- 
nection with the process of fecundation, remaining, after the escape 
of the nucleus, intact at the apex of the archegonium and gradually 
disappearing during the development of theembryo. The centrosome- 
like bodies in the generative cell of Ginkgo, first described by Hirase 
and termed ‘‘ attractive spheres” (56), were found to originate de novo 
in the cytoplasm, and their undoubted identity with the centrosome- 
like bodies in Zaméa was pointed out. These bodies in Zama and 
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Ginkgo, being distinct from typical centrosomes in their main fune- 
tion, namely, that of forming the motile cilia of the spermatozoid, 
were here named dlepharoplasts. 

Early in 1898 Ikeno, ina short paper in Flora (69), announced the 
occurrence in the spermatids of Cycas revoluta of cilia-forming organs 
like the blepharoplasts of Zama, and claimed that these and the 
Neenkern of the Filicinese and Equisetinee are nothing but genuine 
centrosomes. | 

Later in 1898 Shaw (102) described the occurrence of blepharoplasts 
in the spermatid mother cells of Onoclea and Marsilia which developed 
into a cilia-bearing band, as in the cases described by Belajeff. Shaw, 
however, was able to demonstrate the occurrence of similar bodies in 
the primordial mother cells (Urmutterzellen). At the close of the 
division which gives rise to the primordial mother cells small round 
bodies, called by Shaw dblepharoplastoids, became visible. During the 
resting stage of the nuclei the blepharoplastoids divide into two, 
increase in size, and remain near the nucleus. As soon as the nuclei 
of these cells prepare to divide the pair of blepharoplastoids move 
away from the necleus and take a position at one side in the cytoplasm 
about midway between the pole and the equator of the spindle until 
near the end of the metakinesis stage, when they disappear. The ble- 
pharoplasts proper appear as very small bodies, one at each pole of the 
spindle, about the time that the b/epharoplastoids disappear, or occa- 
sionally slightly before. During the resting stage of the spermatid 
mother cells the blepharoplast divides into two, and these gradually 
separate and move to a position in the cytoplasm near where the poles 
of the next spindle is formed, but always slightly to one side of this. 
After the completion of the division they become extended into the 
cilia-bearing band. 

In June, 1898, Hirase’s complete monograph on the fecundation and 
embryology of Ginkgo appeared (62), describing in detail the develop- 
ment of the spermatozoids. The cilia of the spermatozoids are here 
developed from a membrane, which is formed from the blepharoplast, 
the same as in Zama, differing only in minor details. The writer con- 
siders the blepharoplast to be nothing more than a centrosome and 
‘alls it such throughout his monograph. Hirase described the sper- 
matozoids of Ginkgo as haying a well-developed tail attached to the 
posterior end, which would make them seemingly quite different from 
the spermatozoids described by the writer. Many features of this 
monograph will be discussed in the present paper in comparison with 
Lamia. 

In the report of the Boston meeting of the American Association 
for the Advancement of Science, published in Science November 11, 
1898, the writer (127) described the phenomena connected with the 
bursting of the blepharoplast in Za7a at the close of the division giy- 
ing rise to the spermatids and the formation of the cilia-bearing band. 
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The blepharoplast was described as increasing in size and separating 
into segments or plates, which ultimately form numerous round or 
elliptical granules that collect into a compact mass in the place occu- 
pied by the blepharoplast. These granules gradually fused together, 
forming the cilia-bearing membrane of the spermatozoid. 

Slightly later in the same month, November 28, Ikeno’s complete 
monograph on the development of the sexual organs and the process 
of fecundation in Cycas revoluta appeared (70). The details of the 
development of the spermatozoids, described by Ikeno for Cycas, are 
almost entirely identical with those previously described by the writer 
for Zamia, differing only in two important details—the connection of 
a protuberance from the nucleus with the ‘ciliferous band during its 
erowth and elongation and in the presence of a tail attached to the 
posterior end of the spermatozoid. In the fecundation of Cycas, as in 
that of Zama, the ciliferous band and cytoplasm remain at the apex of 
the archegonium, the nucleus only fusing with the egg nucleus. Many 
features of this monograph will be discussed in the present paper in 
comparison with Zamia. 

In December, 1898, Fujii (39 and 40), another Japanese botanist, 
called attention to an apparently serious contradiction between the 
observations of Ikeno, Hirase, and the writer as to the presence of a 
tail in the spermatozoids, and described the results of observations 
made on the living spermatozoids of Ginkgo. He concluded that 
Hirase was in error in claiming the presence of a tail in Ginkgo and 
thinks the appendage supposed by Hirase to be a tail was a malforma- 
tion due to compression in the escape of the spermatozoid from the 
pollen tube. Similar conclusions have been reached by Mr. Bessey (15), 
one of the writer’s associates, after a careful examination of living 
material. 

In July, 1899, Belajeff (14) brought forward further evidence to 
show that the Binh pict must be considered a centrosome. He 
found by a careful study of Marsilia that the blepharoplast here not 
only occupies the pole of the spindle, but evidently takes part in spin- 
dle formation. He thus concludes that it is a veritable centrosome. 

Strasburger, in his recent monograph (112) entitled ** Ueber Reduc- 
tionstheilung, Spindelbildung, Centrosomen, und Cilienbildner im 
Pflanzenreich,” which appeared early in 1900, has again gone over 
the ground of swarm-spore and spermatozoid formation, and concludes 
that the blepharoplast of spermatogenous cells is distinct from a gen- 
uine centrosome or centrosphere, and traces its origin back to the 
‘* Wundstelle” of the swarm-spores of Cladophora, Edogonium, ete., 
from which the cilia originate. His discussion of the matter is of the 
highest interest. 

Ti 1900 the presence of spermatozoids i ina third genus of the Cycads 
was proven. This was accomplished by Lang (77) in his investigation 
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of Stangeria paradoxa. The spermatozoids in this instance have not 
yet been studied in the living state and the details of the spermato- 
genesis have not yet been followed. 

In the report of a paper read before the American Society for Plant 
Morphology and Physiology, published in Science, February 15, 1901, 
the writer (128) described the cell division giving rise to the stalk 
cell and central cell, and the morphology of the prothallial apparatus 
which has been entirely misinterpreted in all previous descriptions. 
The description there given is the same as that published in this 


monograph. 
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METHODS AND MATERIALS USED. 


The investigations have been limited mainly to the species of Zama 
growing wild in Florida. Ginkgo was studied somewhat for compari- 
son, but as this plant was being studied by Dr. Hirase, little time was 
given to its investigation. When the writer began the investigation 
of Zama the forms growing in Florida were all generally referred to 
Lamia integrifolia Jacq. In the course of the investigations it was 
found that there were at least two distinct species in the State, neither 
of which could be considered as belonging to Zamia integrifolia Jacq., 
which is a West Indian species. One species is found very abundant 
on the east coast of Florida south of New River. This corresponded 
well with the description of Zama floridana D. C., and a comparison 
of a fragment of specimen and a tracing in the Kew Herbarium of 
De Candolle’s original specimen showed that the south Florida form 
must undoubtedly be referred to this species.’ It has large elliptical, 


' Zamia floridana D.C. (Prodromus 16, p. 544.) Leaves ovate or ovate-lanceolate, 
20 to 30 em. long, excluding the petiole; petiole about 20 em. long, unarmed, trian- 
gular, sericeo-tomentose at base, with scattered hairs above; leaflets mostly opposite, 
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strongly umbonate cones 6 to 8 inches long and about 24 inches in 
diameter. 

The other Florida species is found along the east coast of the State 
from Titusville north to St. Augustine. Its southernmost extension 
on the east coast of the State, so far as known, is about 150 miles north 
of the northernmost extension of Zama floridana. The writer’s study 
of this plant seems to indicate that it must be referred to Zamia 
pumila Li.'| Some doubt remains, however, in regard to this, and it 
may ultimately prove to be an undescribed form. 

In 1893 the writer first began the collection and preservation of 
Zamia material in preparation for a study of the spermatogenesis and 
embryology. The investigation can hardly be said to have com- 
menced, however, until the appearance in 1896-97 of Hirase’s and 
Ikeno’s preliminary papers announcing the occurrence of spermato- 
zoids in Ginkgo and Cycas. A study of the spermatogenesis and 
phenomena of fecundation was then commenced and carried on as 
rapidly as possible. 

It was found by experience that cones of the two species could be 
wrapped in paper and shipped a two days’ journey without noticeable 


smooth above, with scattered hairs below, 14 to 20 pairs, linear, 9 to 14 cm. long 
and 3 to 7 mm. wide, falcate and somewhat twisted, approximately erect, 10 to 16 
nerved, narrowed at base, apex obtuse, with five or six obscure dentations, margin 
revolute; mature pistillate cones, oblong, 12 to 163 em. long and 6 to 8 em. in diam- 
eter, markedly umbonate, densely tomentose, with persistent dark brown hairs; 
peduncle ferrugineous, tomentose, short, about 10 em. long; seed-bearing scales pel- 
tate, hexagonal, thick and somewhat hemispherical at outer end; staminate cones, 
oblong, dark brown, tomentose, about 8 em. long and 24 cm. in diameter; peduncles 
short, 5 to 10 cm. long. Very abundant in southern Florida on the east coast below 
New River (latitude about 26° 30’). Inhabits open, comparatively dry pine forests 
(flat woods). Included in Z. integrifolia by Gray and Chapman. Not Z. integrifolia 
Jacq. 

'Zamia pumila L. (in part). Leaves ovate, exclusive of petiole 20 to 30 cm. long; 
petiole unarmed, about 20 em. long, triangular, sericeo-tomentose at base and with 
scattered hairs above; leaflets mostly opposite, but frequently irregularly placed, 
smooth above and with scattered hairs below, 16 to 22 pairs, linear-lanceolate, some- 
what falcate, 7 to 11 em. long and 8 to 16 mm. wide, mostly straight, but occasion- 
ally slightly twisted, 20 to 28 nerved, narrowed at base; apex obtuse, slightly serrate, 
margin revolute; mature pistillate cones, elliptical, scarcely umbonate, 63 to 103 em. 
long by 5 to 8 cm. in diameter, densely tomentose, with ferrugineous, somewhat 
deciduous hairs; seed-bearing scales peltate, hexagonal, thin, and somewhat flat- 
tened at outer end; peduncle ferrugineous, tomentose, short, about 10 em. long; 
staminate cones, oblong, brown, tomentose, about 8 cm. long and 24 em. in diam- 
eter; peduncle short, about 5 to 10 em. long. Abundant in central Florida, particu- 
larly on the east coast between latitudes 28° 30’ and 29° 30’. -Inhabits mostiy dense 
moist woods (hammocks). 

Z. pumila differs mainly from Z. floridana in its shorter and broader leaflets, which 
are less twisted and not so erect and rigid, and in its shorter nonumbonate cones 
with seed-bearing scales thinner and more flattened at outer end. It, furthermore, 
is very distinct in range and character of habitat 
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injury to the developing sexual organs. Arrangements were conse- 
quently made by which shipments of cones of the two species were 
received at regular intervals throughout the developing season. The 
cones of Zamia floridana were obtained at Miami, Fla. Two of these 
cones were mailed to the writer three times a week during the period 
found necessary to secure the desired stages. The cones of Zamia 
pumila were collected at New Smyrna and Daytona, Fla., and these 
were gathered and mailed to the writer twice a week, two or more 
being sent each time. In no case was the material injured in ship- 
ment so that any change in development could be observed. Cones 
remained fresh for a week or more after their receipt, and the normal 
process of pollen-tube development seemed to go on as usual until the 
seeds became very dry. This would normally be expected, as the 
developing pollen tubes derive their nutrition entirely from the 
nucellus, and the seeds are protected by their location, in the interior 
of the closed hairy cone, from any loss of moisture. All material 
fixed and utilized in the investigation was cut out and prepared imme- 
diately on the receipt of the cones, being taken thus about three days 
after the cones were cut from the plants. At several periods in the 
development visits were made to the regions where the plants grew, 
and absolutely fresh material was gathered and fixed in abundance for 
comparison. In all cases, however, material mailed to the writer gave 
results exactly the same as that cut and fixed in the field. In many 
cases cones were kept in the laboratory for one or two weeks after 
being received, and were examined at intervals to note how iong they 
would remain satisfactory for study. In the examination of such 
cones the writer frequently found the spermatozoids living and moving 
in perfectly normal condition the same as those examined in the field 
a half hour after they were cut from the plant. The writer was located 
at Eustis, Fla., while the material was being shipped to him and pre- 
pared, but mail from Miami and New Smyrna required two days to 
make the journey, and could have been sent just as satisfactorily to 
Washington or New York. The facts regarding the shipment of the 
cones are given in some detail, as it is thought that Zama should 
become a standard object of investigation and demonstration in the 
botanical laboratories of universities in the Eastern United States, 
and no trouble should be experienced in obtaining cones in good con- 
dition for study at any point within a three or even four days’ railway 
journey of Miami, Fla., where abundant cones of Zama floridana can 
be obtained. This is by far the best species for study, as a much 
larger percentage of the ovules are fecundated and a much larger 
number of pollen tubes are found developing in each oyule than in the 
case of Z. pumila. Further than this, the plants of Zamda pumila are 
more scattered, and it requires a considerable amount of work to secure 
any great number of cones. Zama flor/dana, however, is very abun- 
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dant at Miami, and almost an unlimited number of cones can be secured 
any season. The following statement of dates at which time impor- 
tant changes take place in the developing organs of Zamia floridana 
may be of service in guiding investigators in the securing of important 
stages for investigation. It must be remembered, however, that dif- 
ferent plants vary considerably in their stages of development, and the 
dates are thus only approximate. 

(1) Pollination takes place the last of December and first of January. 

(2) Germination of pollen and growth of prothallial apparatus from January 1 to 
June 1. 

(3) The division of the second prothallial cell, giving rise to the stalk cell and 
central cell, occurs February 15 to March 10. 

(4) The blepharoplasts first appear about March 1 to 20. 

(5) The gradual development of the central cell blepharoplasts and prothallial 
apparatus continues from March 1 to May 30. 

(6) The prophase of division of the central cell appears about May 20 to 25. 

(7) Spermatozoids mature mainly between June 1 and 15. 

(8) Fecundation takes place mainly between June 1 and 15. 


In Zamia pumila the date of maturing of the spermatozoids and of 
fecundation in 1897 was fully three weeks later than in Z. floridana, 
and it is probable that this species is ordinarily considerably later. 
On the other hand, the date of maturity of the male cones, the polli- 
nation, and the first appearance of the blepharoplasts in the two 
species was found to be about the same. 

When the cones were received the seeds were cut out and a portion 
of the apex of the nucellus 3 to 4 mm. in diameter, which contained 
the developing pollen tubes, was transferred as quickly as possible to 
the fixing solutions. In preparing the archegonia for study, cylinders 
about 5 mm. long and 23 or 3 mm. in diameter were cut out of the 
apical portion of the prothallus containing the archegonia, and trans- 
ferred to the fixing solution. Quite large portions of tissue must be 
used in this case from necessity, as the egg cells if cut into are 
destroyed for study, the protoplasm flowing out. In some cases por- 
tions of the seed were cut out and prepared, with the nucellus and pro- 
thallus in connection, to show the apparatus 7n s/t, but this method is 
not satisfactory for the study of the finer cytological details of 
structure. 

Various fixing agents were used in the course of the work, including 
Flemming’s chromic-aceto-osmic acid solution, weak and strong, Her- 
mann’s platino-aceto-osmic acid solution, Van Rath’s solutions II, 11, 
and IV, chromic acid one-half per cent and 1 per cent, etc. Flemming’s 
strong solution was used more than any of the other fixatives, and gave 
in general the best results. Its time of action was varied considerably, 
and in probably the majority of cases it was used diluted somewhat 
with water in the ratio of one part of the strong solution to two, four, 
nine, or nineteen parts of water. In general, a solution of one part to 
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four parts water gave very excellent results in fixing the pollen tube 
apparatus. In the fixation of the archegonia, however, at the time of 
fecundation and during the development of the embryos, it is neces- 
sary to use the fixative very strong, as it is difficult for the solution to 
penetrate the starchy matter of the prothallus which surrounds the 
archegonia. 

In staining, the Flemming triple process with safranin, gentian violet, 
and orange G. gave by far the best results and was most extensively 
used. Heidenhain’s iron-hematoxylin was also used considerably, and 
besides this Czoker’s alum cochineal with Bismarck brown, fuchsin, 
and some other stains were occasionally used for comparison. 


' 


DEVELCPMENT OF THE MICROSPORES. 


The pollen cones (figs. 3 and 4) of the two Florida species of Zamia 
begin to appear at the apex of the stem in July and continue to 
develop until the following January, when the pollen is discharged 
and pollination takes place. 

The mature pollen grain examined in water is nearly spherical, but 
somewhat flattened on one side where the prothallial apparatus is 
attached. (Fig. 11.) 

The earliest description of the pollen of Zama known to the writer 
is that of Schacht (97) in 1860: 

Endlich hat Zamia ein kleines Pollenkorn mit einer sehr tiefen Liingsfalte, welche 
sich in Wasser nicht ausgleicht. (Taf. X VII, F. 26 und 27.) Dieser Falte gegentiber 
liegt die kleine Tochterzelle, welche erst bei sehr gelungenen Querschnitten sicht- 
bar wird (F. 28) und wahrscheinlich wie bei Cupressus nicht zur Ausbildung 
kommt, wihrend die gréssere sich als Pollenschlauch verlingert. 

In 1872 Juranyi (72) described the structure and development of the 
pollen of Ceratozamia longifolia, which evidently corresponds closely 
with what oceurs in Zamia. He found that two small cells were regu- 
larly cut off at one side of the large cell, and in some cases three. 
While the different cell stages of development are described and fig- 
ured, the details of the division leading to the formation of the differ- 
ferent cells was not followed. 

In his study of the development of the pollen of certain Cycads, 
principally Ceratozamia mexicana, Guignard (45) was unable to con- 
firm Juranyi’s conclusion as to the occasional production of three pro- 
thallial cells. ‘*‘According to the observations of M. Juranyi,” wrote 
Guignard, ‘‘a third small cell may be formed by the division of this 
latter nucleus; but it does not appear to be so in the case of Ceratoza- 
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1“ Ty aprés les observations de M. Juranyi’’ wrote Guignard, ‘‘il peut se faire une 
troisiéme petite cellule, par suite de la division de ce dernier noyau; mais il ne pa- 
rait pas en étre ainsi dans le Ceratozamia mexicana,”’ 


DEVELOPMENT OF THE MICROSPORES. 1% 


In the formation of the two prothallial cells, Guignard shows that 
in each case it is the nucleus of the large cell which divides in cutting 
off the small cells of the prothallus. 

In the species of Zamia studied by the writer, the mature pollen 
grain always shows two prothallial cells cut off at one side, and pro- 
truding into it (fig. 11). The development of the pollen has not been 
carefully studied, and the details of the formation of the prothallial 
cells is not known. It seems from the writer’s observation, however, 
that three cells are at least occasionally formed; and in this case the 
first one cut off is resorbed, as described by Strasburger (109) and 
others in Pinus, Ginkgo, ete., remaining as a dark more or less refrac- 
tive layer in the wall of the pollen grain situated at the point of con- 
tact of the other cells (figs. 11, 13, and 14). In many instances of 
mature pollen grains, and in later stages, during germination, no indi- 
cation of this resorbed prothallial cell can be observed,-but in some 
cases it may be seen very plainly, and is unmistakable. 

In Ginkgo, according to Strasburger (109) and Hirase (62), the 
nucleus of the pollen grain undergoes normally three divisions, by 
which three prothalhal cells are cut off, the first of which becomes 
compressed against the wall of the pollen tube and is largely resorbed, 
in the maturo pollen grain appearing very indistinctly as a slight 
layer in the wall (Strasburger, 109, Pl. I, figs. 5 to 7, and Hirase, 62, 


tig. 1). 

A careful investigation of the development of the pollen of Zama 
will have to be made before it can be determined whether three 
prothallial cells are regularly formed or whether the remnants of a 
third cell, occasionally observed, are to be considered as cases of rare 
and somewhat abnormal development. Judging from the normal 
occurrence of three cells in Ginkgo and Pinus, it would seem that 
probably three cells may also be normally formed in Zama. How- 
ever, in the mature pollen grain, and in the pollen grains after 
germination in the nucellus, a third cell can only occasionally be 
observed, and the description here given will deal mainly with the 
two prothallial cells plainly evident in all cases. 

The nomenclature used here for the various cells of the antheridium 
is somewhat different from that usually used. It was thought best to 
use terms more in harmony with those used in the Pteridophytes in 
order to avoid confusion. The two prothallial cells normally cut off 
in the pollen grain are distinguished in the order of their formation 
as the first and second prothallial cells (Pl and P2). When the 
second prothallial cell divides it gives rise to the stalk cell and central 
cell (K6rper ceil, body cell, generative cell, etc.). The cell here calied 
the central cell is considered by Strasburger (109, p. 7) and others as 
corresponding to the central cell of the antheridium in ferns. The 
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central cell when it divides gives rise to the spermatids, which become 
metamorphosed directly into spermatozoids. The entire apparatus, 
including the stalk cell and central cell (Kérperzelle or generative 
cell) is spoken of throughout as the male prothallus, or simply pro- 
thallus where it 1s not necessary to distinguish more closely. The 
nomenclature here given corresponds with that used by Shaw in 
Marsilia (102). 

In the case of Ginkgo, judging from Strasburger’s and Hirase’s fig- 
ures, the walls of the prothallial cells cut off extend comparatively 
straight across the pollen grain, in each cell the new wall as formed 
being attached to that of the pollen grain. In Zama quite a differ- 
ent form is found. Here the cells arch out into the tube cell of the 
pollen grain (fig. 11). In none of these cells is a cellulose wall laid 
down, there being nothing but a plasma membrane or hautschicht 
formed. The first prothallial cell is shaped like a plano-convex lens 
and arches out into the second prothallial cell. In the mature pollen 
grains it can not be determined whether the plasma membrane formed 
in cutting off this cell is attached at the sides to the plasma membrane 
of the tube cell, as must be the case if only two prothallial cells are 
formed, or to that of a third resorbed prothallial cell. In some cases 
of germinating pollen grains where the prothallial apparatus has 
developed considerably and where remnants of a resorbed third pro- 
thallial cell can be observed, the attachment would seem to be to the 
plasma membrane of this cell (figs. 13 and 14). This would also be 
indicated by Juranyi’s figures of Ceratozamia (72, Taf. 33, figs. 8-11). 

The second prothallial cell is attached to the first prothallial cell and 
arches out into the tube cell. Its membrane is connected only with 
that of the first prothallial cell. This cell, while the most important 
and ultimately much the largest, is in the mature pollen grain consid- 
erably smaller than the first prothallial cell. The protoplasm of the 
prothallial cells is densely granular and the nuclei, which nearly fill the 
cells, are difficult to distinguish. The nucleus of the tube cell is much 
larger than the nuclei of either of the prothallial cells and is situated 
at the apex of the prothallus. 

The mature pollen grain of Cycas revoluta, as shown by Ikeno (70, 
Pl. VIL, fig. 13), would seem to be considerably different from Zamia, 
in that the cell membrane of the prothallial cell extends straight across 
the grain, as figured by Strasburger and Hirase in Ginkgo, instead of 
arching out into the tube cell as in Zama. The structure described 
by the writer in Zama is the same as that described by Juranyi (72) 
and Guignard (45) as occurring in Jacrozamia. 

Pollination in both of the species of Zama studied apparently takes 
place in the latter part of December and first of January, and is accom- 
plished mainly through the agency of the wind. The pollen is pro- 
duced in great abundance and is light and easily carried. The scales 
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of the female cones throughout their existence, except at the time of 
pollination, are tightly closed, so that no dust can gain admission to 
the interior (figs. 2 and 6). When the cone is receptive and ready 
for pollination the basal scales of the cone separate from those above, 
leaving a crack about one-eighth to one-fourth of an inch wide between 
them. This crack extends around the entire base of the cone and 
apparently remains open at least a day or more, though the time has 
not been determined by actual observation. When the ovules are pol- 
linated, apparently the row of scales immediately above this move down- 
ward, closing the original crack and leaving a similar opening between 
them and the row of scales next above. This process evidently con- 
tinues in succession, following the spiral arrangement of the scales, 
until the top is reached and all of the ovules have been pollinated. 
Several days are evidently consumed in the process of pollination of 
a single cone. The scales evidently reverse in quite regular order, as 
the opening between them is never found here and there over the cone, 
but always in a continuous and quite regular crack running around 
the cone. A single scale does not remain open longer than others 
because its ovules have not been pollinated, as might be supposed from 
the fact that almost universally among plants the style of a pistil 
which has not been pollinated remains fresh and the stigma receptive, 
and persists for a much longer period than in one which has been 
pollinated. The effect of pollination in Zama seems to have no influ- 
ence on the length of time during which the scales remain open or on 
their endurance. The writer has found many cones developing nor- 
mally for several months after pollination in which only a few seeds 
had set, and frequently mature cones have been found containing only 
two or three seeds. This infertility is doubtless due to the lack of 
pollination, as it has only been found in the case of Z. pumila at New 
Smyrna and Daytona, where microscopic examination has revealed a 
decided lack of pollen, many ovules being frequently found in a cone 
without a trace of pollen or pollen tubes. The plants of this species in 
these regions are scattering and pollination is frequently very imper- 
fect. 

Z. floridana in the regions studied is very fertile, almost every 
ovule being fecundated and maturing a perfect seed. 


DEVELOPMENT OF PISTILLATE CONES. 


In the present paper the structure and development of the pistillate 
cones (figs. 2 and 6) will be discussed ‘only so far as it bears on the 
question of development of the pollen tubes and fecundation. Ata 
later time the writer hopes to describe the development of the arche- 
gonia more in detail. 

At the time of pollination the ovules are about 1 cm. long by 5 mm, 
broad (fig. 2). The single coat of the naked ovule is considerably 
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thickened at the apex, and the micropyle through which the entire 
pollen grain must pass forms a continuous tube from the surface to 
the apex of the nucleus, a distance of about 3 mm. The micropyle at 
the apex of the ovule may be seen with the unaided eye as a small 
round hole somewhat smaller than the diameter of an ordinary pin— 
about one-fourth millimeter (figs. 1 and 9). 

The nucellus at this time is about 2 mm. in diameter and pointed at 
the apex. Shortly before pollination, the tissue at the apex of the 
nucellus was found to be solid entirely to the point; but just before or 
during pollination a cavity, the pollen chamber for the reception of 
the pollen, is formed in the apex by the breaking down of the tissue 
(fig. 5). The pollen grain to be effective must pass through the entire 
length of the micropyle and finally come to lie in this chamber. — It is 
difficult to understand how the nonmotile pollen grains can ever reach 
the pollen chamber, which would seem to be absolutely safe from infec- 
tion by them. It is easy, however, to see how a few grains may be 
wafted by the wind into the cone, when the scales separate as above 
described, and rattle down to the axis of the cone, around which the 
apexes of the ovules are crowded. 

The passage of the pollen grain through the micropyle is evidently 
accomplished by suction. A mucilaginous, stigmatic, or micropylar 
fluid is secreted by cells of the ovule coat surrounding the micropyle, 
and this is evidently protruded in a drop from the micropyle at the 
time of pollination asa trap for the pollen. This secretion has at least 
been observed several times by the writer protruding from the open- 
ing of the micropyle at about the time of pollination, and its formation 
is thought to be of normal occurrence. ‘This secretion later disappears, 
and a suction is probably formed by the breaking down of the cells in 
the formation of the pollen chamber which leads to the fluid, together 
with any pollen grains which have come in contact with it, being drawn 
down into the required position in the pollen chamber. The gradual 
absorption of the fluid by the cells of the nucellus bordering the pollen 
chamber would, of course, accomplish the same result. The breaking 
down of the tissue at the apex of the nucellus in the formation of the 
pollen chamber occurring about this time would seem to have some 
significance of this sort, and is believed by the writer to unquestion- 
ably be connected in some such way as above described in securing the 
passage of the pollen grains to the nucellus. In reaching the entrance 
to the micropyle of the ovule the pollen grains largely follow the trend 
of gravity. The passage of the micropyle, however, which is but 
slightly larger in diameter than the pollen grains, must be made against 
the action of gravity, and some such explanation as the above is neces- 
sary to understand how it can be accomplished. In Ginkgoand Cycas 
the pollen must pass through a similar long and narrow micropyle, and 
some such method of pollination must oceur. 
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At the time of pollination in January the prothallus forms a spher- 
ical mass of soft, watery, rapidly-developing tissues in the middle of 
the nucellus which still comprises a considerable thickness of tissue 
on each side (fig. 1). No trace of the archegonia can yet be dis- 
covered. 

The ovule at this time has reached only about one-third of its mature 
width and length, and growth in the size of all organs continues for a 
considerable period following pollination. The prothallus grows in 
size proportionately more rapidly than the other organs, and this is 
accomplished largely at the expense of the nucellus, which gradually 
becomes thinner throughout, and is finally, at the time fecundation 
occurs, found to be compressed to a very thin membrane at the apex, 
and below on the sides and base has largely split up into very thin 
shreds, seldom being found as an unbroken membrane throughout. 

The archegonia are differentiated in the upper part of the prothal- 
lus shortly after pollination, but do not reach their mature size until 
/a short time before fecundation, which does not occur until four 
months later. Four archegonia are almost universally formed in each 
prothallus, but some instances haye been observed where a fewer 
(2 or 3) or a larger number (5 or 6) have been developed. 

During the increase in size of the archegonium through the months 
of March, April, and a part of May, the nucleus of the central cell 
remains in the upper part of the cell near its point of reorganization 
after the preceding division, which gave rise to the neck cell (fig. 10). 
It is usually elliptical and very large in comparison with the nuclei 
of surrounding cells. This location of the nucleus during the main 
growth period of the central cell of the archegonium is evidently 
common in related plants until after the ventral canal cell is cut off. 
Treub described the same location in Cycas e/reinal’s (117), keno in 
Cycas revoluta (65), Hirase in Ginkgo (59), Blackman in Pris sylves- 
tris (16), and Murrill in Zsuga canadensis (91, p. 587). 

The protoplasm of the central cell during the latter part of this 
period of growth in size presents the most beautiful foam structure 
the writer has ever observed. 

Shortly before fecundation the nucleus of the central cell divides 
and a small cell is cut off at the apex, which corresponds to the ven- 
tral canal cell of the conifers. Until the publication of Ikeno’s pre- 
liminary note announcing the discovery of this canal cell in Cycas 
revoluta (65) it had been supposed that it was not formed in the 
Cycadacee. It would seem, however, from its occurrence in Cycas 
and Zama that it is probably as generally formed in the Cycadacew 
as in the Conifer. Hirase has also recently described the formation 
of this cell in Ginkgo biloba (59). 

The writer has not observed the division of the nucleus leading to 
the formation of the canal cell in Zama, but the process probably cor- 
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responds very closely to that occurring in Cycas, Ginkgo, and the 
Conifere. The nucleus of the central cell in preparing for division 
evidently goes through changes similar to those described by Murrill 
in Zsuga canadensis, and it would be interesting to know if the same 
unique method of spindle formation occurs in Zama also. The accu- 
mulation of highly granular cytoplasm in a conspicuous mass below 
the nucleus of the central cell, as described by Murrill in Zsuga, is 
uniformly found in stages immediately preceding division in Zama. 
The synapsis condition observed by Murrill in an early prophase of 
the division in Zsuga is also of common if not normal occurrence in 
Zamia, so that it would seem probable that the spindle formation in 
Zamia may be similar to that of Zsuga. It is interesting to observe that 
the spindle formed in this division is strikingly blunt-poled, as observed 
by Ikeno in Cycas (65) and Blackman in Pinus (16). . 

Before fecundation the canal cell breaks up and loses its identity, 
only traces of it being occasionally found at the time of fecundation. 
After the division giving rise to the canal celi is completed, the lower 
nucleus which forms the oosphere travels from the apex of the cell 
downward toward the center and takes a position slightly below the 
middle of the cell, where it remains until fecundation takes place. It 
is usually spherical or slightly elliptical, and its contents are much less 
dense than the surrounding cytoplasm of the egg cell, with which it 
forms a marked contrast. The mature egg cell is usually elliptical or 
slightly reniform and is about 3 mm. in length and from 1 to 1.5 mm. 
in width. The nucleus is very large, being about 553 4 long and 467 mu 
in diameter. It is plainly visible to the unaided eye in stained sections 
and it is hard to realize on looking through a section held up to the 
light that one is viewing the egg cell and its nucleus without even the 
use of a hand lens. 

In the development of the prothallus a circular depression known as 
the archegonial chamber (prothallial or endosperm cavity) is formed 
in the upper part of the prothallus immediately above the archegonia 
and beneath the apex of the nucellus (fig. 9). 

This cavity is usually about 2 millimeters in diameter and a milli- 
meter deep. It is into this cavity that the pollen tubes later grow 
and discharge their spermatozoids. The openings to the four arche- 
gonia can be seen easily in the bottom of the cavity, the two neck 
cells being turgid, hyaline, and quite distinct in appearance from the 
surrounding cells of the prothallus. They protrude above the general 
surface and appear to be under considerable tension. 


DEVELOPMENT OF THE POLLEN TUBE AND PROTHALLUS. 
GERMINATION OF POLLEN AND GROWTH OF PROTHALLUS. 


Very shortly after the pollen grains have been drawn down into the 
pollen chamber of the nucellus they germinate, the tube, which at first 
is about the diameter of the pollen grain or slightly less, bursting out 
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of the exine of the grain at a point opposite the attachment of the 
prothallus. No matter in what direction the pollen grain may lie, 
the tube as soon as protruded grows toward the tissue of the nucellus, 
forming the side of the pollen chamber, into which it soon penetrates 
(fig. 5). 

If the pollen grain is so situated that the tube when first protruded 
points toward the apex or base of the nucellus, it makes a sharp turn 
immediately after leaving the pollen grain and enters the nucellar 
tissue. In Zama the tube never branches before entering the tissue, 
and while it occasionally branches after entering the tissue, this is 
by no means of common occurrence. The majority of tubes remain 
unbranched throughout their growth. In Gingko, on the contrary, 
the distal end of the tube as soon as it enters the nucellar tissue 
becomes very much branched and the ramifications are so slender that 
it is only with the greatest difficulty that they can be traced. 

When the pollen tube first ruptures the exine and protrudes, it is 
considerably smaller than the diameter of the pollen grain. The rela- 
tion of the prothallial cells and tube cell which forms the tube is 
shown in this stage in figure 12. As the tube pushes out, the proto- 
plasm of the tube cell draws away from the wall of the old pollen 
grain to some extent apparently in all instances, though it would seem 
probable that the contraction shown in the figure is somewhat abnor- 
mal. ‘The nucleus of the tube cell, which is densely granular, imme- 
diately passes into the tube, becoming the pollen tube nucleus, and 
travels farther as the tube grows, remaining always about a uniform 
distance from the apex of the tube. In this early stage of germina- 
tion the cells of the prothallus have the same size as in the mature 
pollen grain and appear about the same. 

The entire prothallus in this stage is about 9 “ wide and 8 long 
(length being considered the extension in the direction of the growth 
of the pollen tube). The nuclei in both the first and second prothallial 
cells are still very densely granular and almost fill up the entire cell 
in each case. The nucleiin both cells are more or less crescent-shaped 
in median section, corresponding to the shape of the cells. In the 
tube shown in figure 10 the nucleus of the first prothallial cell meas- 
ured 7.12 by 3 “; that of the second prothallial cell 8 by 3 4, and the 
nucleus of the tube cell 8.01 by 5.34 4, the nucleus of the tube cell in 
this stage always being slightly larger than the nuclei of either of the 
prothallial cells. 

When the Flemming triple stain was used in the study of pollen 
tubes the safranin always stained the wall of the pollen grain red, 
serving as an important distinction for a pollen grain wall throughout 
the development of the apparatus. 

Before the pollen tube has increased in length very greatly it 
increases also noticeably in width, and by the time it has reached a 
length four or five times as great as the diameter of the pollen grain 
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it has reached a diameter as great as that of the pollen grain (fig. 13). 
The point where the tube bursts out of the pollen grain has also 
enlarged, the broken edges of the exine being bent outward. Mean- 
while the tube nucleus has assumed a round form, increasing some- 
what in size. 

The protoplasm presents a beautiful foam structure, with large 
vacuoles here and there. The starch grains which later fill the tube 
have not yet begun to appear. ) 

The next noticeable differentiation in the growth of the tube is the 
increase in size of the cells of the prothallus. Both cells increase in 
width and length and the first prothallial cell pushes out into the 
second prothallial cell, which becomes shaped like a concavo-convex 
lens and is crescent-shaped in cross section. Figure 14 shows a pollen 
tube in the first stage of the development of the prothallus. The pro- 
thallus here has reached a size of 15 « wide by 16 «long. The nuclei 
of both prothallial cells have increased slightly in size and become 
spherical and less densely granular. The pollen tube is meanwhile 
gradually growing in length and diameter, the tube nucleus passing 
farther down as the tube elongates. In this tube (fig. 14) a dark line 
appears at the base of the prothallus which seems undoubtedly to be 
the remains of a third prothallial cell which has been resorbed. 

The pushing out of the first prothallial cell into the second prothallial 
cell is a point of considerable interest in clearing up the morphology 
of the prothallial apparatus, which was left in a.very unsatisfactory 
state in the writer’s preliminary papers, as well as in the papers of 
Ikeno (70) and Hirase (62). In a somewhat later stage, when both of 
the prothallial cells have reached almost twice the size described in the 
last-mentioned stage, the first prothallial cell can be seen to have 
pushed a considerable distance into the second prothallial cell, the — 
point of attachment of the plasma membrane of the cells still remain- 
ing in about the same relative position as in the original pollen grain 
(fig. 15). Meanwhile the second prothallial cell has arched out still 
farther, and by the increase in size of the first prothallial cell has been 
varried mainly out of the old walls of the pollen grain into the pollen 
tube. It may be remarked here that the prothallus still retains its 
original connection with the wall of the pollen grain, a connection 
which remains unbroken until the spermatozoids mature. In the 
preceding stage the nucleus of the second prothallial cell had increased 
in size slightly more rapidly than that of the first prothallial cell and 
had become slightly larger (fig. 14). In this stage (fig. 15) the second 
prothallial cell nucleus has become decidedly larger than that of the 
first prothallial cell. 


DIVISION OF SECOND PROTHALLIAL CELL. 


Shortly after this stage the second prothallial cell divides into two 
very unequal cells, the stalk cell and central cell (kérper cell, generative 
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cell, etc.). In his early studies the writer concluded from analogy 
with the development of the gymnosperms as described by Belajeff 
(2 and 3), Strasburger (109), and others, that a division of the second 
prothallial cell must take place. It, however, was only after pro- 
longed and diligent search that the evidence establishing this fact was 
finally secured, and only a single tube has been found in all the many 
examined where the presence of a division was evident. This, how- 
ever, was fortunately in just the stage to settle the disputed point. It 
is in a telophase of the division when the two-daughter nuclei are 
reorganizing and the spindle connecting them is yet clearly evident 
(fig. 17). The first prothallial cell extending into the second pro- 
thallial cell is here clearly distinguishable, as in the preceding case 
described (fig. 15). The spindle, from the crescent shape of the sec- 
ond prothallial cell, assumes a position at an angle to the major axis of 
the prothallus, the lower nucleus and end of the spindle being crowded 
to one side by the position of the first prothallial cell, while the upper 
nucleus occupies a central position in the upper half of the cell which, 
when the new wall is formed, will become the central cell. The lower 
nucleus, which becomes the nucleus of the stalk cell, is already in this 
early stage noticeably smaller than the upper nucleus. Several round 
bodies which take.a brilliant safranin stain in the Flemming triple 
process, and are evidently masses of nucleolar matter, are situated in 
the cytoplasm just outside of the spindle. The reorganizing daughter 
nuclei, in the only section secured in this stage, are too densely stained 
to show their structure well; they appear simply to be densely granu- 
lar. The spindle fibers show very plainly, but do not as yet show any 
thickenings in the center preparatory to the formation of a cell mem- 
brane. A most careful search has failed to reveal any suggestions of a 
centrosphere or centrosome at the apex of the spindle where one might 
be expected to occur. Ina number of instances a careful search has 
been made in the second prothallial cell, when it approaches division, 
for evidence of the presence of organs resembling blepharoplasts or 
centrosomes. Occasionally small centers with a few radiations have 
been observed (fig. 16), but these are irregular in their appearance and 
would seem to have no relation to blepharoplasts or centrosomes. 
The pollen tube at this time has reached a length of over 1 millimeter 
and starch grains have begun to appear, two being shown in the tube 
figured. Cells in the path of the tube are broken down and absorbed, 
apparently very little or no trace of them remaining. 

In Z. floridana in 1898 the division of the second prothallial cell 
was found to take place mainly between February 15 and March 5. 
In Z. pumila the same year the corresponding division occurred 
between February 25 and March 15. 

In a stage but slightly later than the above the central and stalk 
cells are found to be separated by a plainly visible plasma membrane 
thrown across the cell just above the apex of the first prothallial cell 
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(fig. 18). This stage is a very easy one to find and the writer has 
many sections showing it very plainly. In the tube shown in figure 18, 
which is only shortly after the completion of the division, the nuclei 
of both the stalk and central cells have assumed a rounded form, the 
latter being much the larger. The nucleus of the central cell is here 
9.79 in diameter while that of the stalk cell is only 7.12 mu and 
that of the first prothallial cell about 8.9 “in diameter. The entire 
prothallus in this stage immediately after the division is only 29.37 
long by 16.91 4 wide. The first prothallial cell is now almost entirely 
surrounded by the stalk cell, only the base of the cell remaining in its 
original position. A few small starch grains have already begun to 
appear in this cell, two being shown in the figure. In later stages 
both this cell and the stalk cell become crowded with starch. Before 
proceeding farther it will be desirable to point out the views held in 
regard to the structure of the prothallus in Cycadaceee and Ginkgo in 
previous publications. Attention was first called to the peculiar 
structure of the prothallus in the Cycadacee in the writer’s first pre- 
liminary paper on Zama (122). Here it was stated: 

The former cell [in reality the stalk cell, as proved by later researches] is spherical 
or slightly elongated and presents a most singular structure. The nucleus of the 
original cell evidently divides into two, and one of the daughter nuclei forms within 
the unbroken Hautschicht of the mother cell a new and wholly distinct Hautschicht, 
which delimits a cell lying entirely free within the mother cell and surrounded 
on all sides by a layer of protoplasm of nearly uniform thickness (figs. la and 2). 
The other daughter nucleus remains free within the Hautschicht of the mother cell, 
but is pressed to one side by the interior cell. 

It will be seen from this that the writer was greatly in error in his 
early interpretation. This was largely due to the fact that sections 
must be exactly median longitudinal through the pollen grain and 
prothallial apparatus to show that the first prothallial cell (interior 
cell) has any connection with the wall of the pollen tube. Cross 
sections of the tube which were then used considerably in the writer’s 
investigations also fail to show the true relationship of these cells. 
Their confusing structure in a section of this kind will be seen by 
examining figure 23. The difficulty of the investigation leading to the 
correct interpretation of this structure is also shown by the views 
expressed by the Japanese authors which are at great variance with 
those of the writer. 

In Ginkgo the first prothallial cell, which the writer has found to 
become surrounded by the stalk cell through transformation during 
growth, Hirase considers to be simply strands of protoplasm in the 
second prothallial cell. He says: 

At the extremity of the tube, which is covered by the exine and extends into 
the cavity, are found in the interior two flattened prothallial cells which are now 
separated from each other. Between these there are large vacuoles, and it may be 
seen also that they are united by the cytoplasm which forms two hollow cylinders 
placed one within the other, so that if a section be made along the longitudinal 
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axis of a pollen tube appearing at this stage, the two cells appear to be joined together 
by four cytoplasmic filaments. This condition of the tube continues up to the 
moment of fecundation.! 

In the further development of the prothallium Hirase states that the 
second prothallial cell divides, and without forming a partition wall 
one of the naked nuclei is crowded out of the cell into the first pro- 
thallial cell, coming to be located outside of the interior protoplasmic 
strands. He says: 

In the middle of July the nucleus of the interior cell [second prothallial cell] above 
mentioned divides into two daughter nuclei. I have not had an opportunity to 
observe the karyokinesis of this division * * * . Immediately after their division, 
one of the nuclei becomes much larger than the other and proceeds to occupy the 
central part of the mother cell, increasing in size more and more. On the other 
hand, the smaller of the two daughter nuclei leaves the mother cell, or, rather, is 
expelled from it by the other, and proceeds as far as the space between the two 
cytoplasmic cylinders which connect the mother cell with the posterior prothallial 
cell.? 

The naked nucleus which after the division of the second prothallial 
cell is crowded out of this cell into the first prothallial cell he con- 
siders to be the equivalent of the stalk cell or st/e/zelle of the Conifer, 
and the cell from which it is expelled he says corresponds to the 
Korperzelle (central cell). 

Ikeno’s description of the development of this stage in Cycas (70, 
p. 570) corresponds in all important points with that given by Hirase 
for Ginkgo. He wrote: 


While the latter cell [second prothallial cell] has become somewhat extended and 
is still globular, its nucleus divides into two daughter nuclei of equal size. * * * 
A septum between these daughter nuclei is never formed. One of them only expands 
rapidly and occupies the larger space of the mother cell, so that the other cell is 
immediately expelled from it in a naked state. * 


1\ Vextrémité du tube qui est couverte par l’exine et fait saillie dans la cavité, on 
trouve a l’intérieur deux cellules prothalliennes aplaties qui sont maintenant séparées 
une de l’autre. Entre elles, sont de grandes vacuoles et on voit aussi qu’elles sont 
unies par le cytoplasme qui forme deux cylindres creux placés l'un dans l’autre, de 
sorte que si l’on coupe selon son axe longitudinal un tube pollinique parvenu a ce 
stade les deux cellules semblent étre réunies ensemble par quatre filaments cyto- 
plasmiques. Cet état du tube persiste jusqu’ au moment de la fécondation. (62, p. 109.) 

?Au milieu de juillet, le nucléus de la cellule intérieure [second prothallial cell] sus- 
dite se partage en deux nucléus-fils. Je n’ai pas eu la chance de pouvoir observer la 
karyokinése de cette division * * * . Aussit6t aprés leur formation, l’un des nucléus 
devient beaucoup plus gros que l’autre et vient occuper la partie centrale de la cel- 
lule-mére en grossissant de plus en plus. Au contraire, le plus petit des deux nucléus- 
fils quitte la cellule-mére ou mieux en est refoulé par le plus grand et s’achemine 
jusqu’a l’espace compris entre les deux cylindres cytoplasmiques qui joignent la 
cellule-mére et la cellule prothallienne postérieurs (62, p. 110). 

3’ Wihrend die letztere Zelle [second prothallial cell] etwas ausgewachsen ist und 
noch kugelig bleibt, theilt sich ihr Zellkern zu je zwei Tochterkernen von gleicher 
Grosse. * * * Eine Scheidewand zwischen diesen Tochterkernen wird niemals 
gebildet. Einer von ihnen nur wiichst schnell aus und nimmt den grosseren Raum- 
theil der Mutterzelle ein, so dass der andere alsbald im nackten Zustande aus ihr 
verdringt wird. 


28 SPERMATOGENESIS AND FECUNDATION OF ZAMIA. 


Ikeno also considers the naked nucleus expelled to be the homologue 
of the Stielzelle or stalk cell and the cell from which it was expelled 
the homologue of the Kérperzelle. It does not appear from Ikeno’s 
monograph that he observed the division of the third prothallial cell 
leading to the formation of this structure. Judging from his short 
description and indefinite figures it would seem that his material at this 
stage must have been poor or lacking. In none of his figures of the - 
male prothallus does he show an interior cell like the writer’s first 
prothallial cell or strands of protoplasm such as Hirase describes in 
G inh Jo. 

The two nuclei in his ** first prothallial cell” are in position exactly the 
same as the corresponding nucleiin Zama and Ginkgo, but no strands 
of protoplasm or cell membrane separates them. The *‘K6érperzelle” in 
his figures 15 to 19a is indicated as entirely spherical and not influenced 
in shape at the attachment with the prothallial cell, which seems very: 
unlikely. The writer is unable to suggest how this apparent differ- 
ence between Cycasand Zama can be explained. The series of Zama 
preparations on which his interpretation is based has been shown to 
several American botanists, and they entirely concur with him as to 
the structure of Zama. 

The development of the prothallial apparatus of both Zama and 
Ginkgo has been studied by the writer with considerable care at dif- 
ferent times during a period of nearly four years, and with abundant 
material at different stages. The interpretation given by Hirase and 
Ikeno seemed so novel and improbable that he was stimulated to a 
more thorough investigation. The early studies of Juranyr (72), ete., 
give no aid in this question, as in his study of J/acrozamia he germi- 
nated and grew the pollen on soft pieces of pear fruit, and it has been 
amply demonstrated since, that the developments obtained in this way 
were abnormal. Juranyi obtained fairly long tubes developed from 
the large pollen cell, traced the nucleus in its passage into this tube, 
and in two instances found that this nucleus had divided into two. 
The so-called Innenkérper (the prothallus), however, remained in its 
place, decreased in size as the tube elongated, and finally disappeared. 
Strasburger (110) cultivated pollen of Ceratozamia in the same way, 
and found that the Innenkérper did not disappear as long as the tubes 
remained in apparently a normal healthy condition. Belajeff (2 and 3) 
was the first investigator to introduce the only safe method, that of 
studying the pollen tubes developed on the pistil in the normal way, 
by sections of the pistil and isolating the tubes by maceration methods. 
His study of gymnosperms, however, did not extend to any of the 
Cycadacéw. ; 

In 1892 Strasburger described the development of the pollen and 
pollen tube of Ginkgo, but was led to erroneous conclusions, appar- 
ently, by the insufliciency of his material. He correctly described 
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and figured the pollen tube and prothallus in an early stage still show- 
ing the two prothallial cells in position. In describing the further 
development, however, he says: 

It is thus shown that in the second half of September the first of the two prothal- 
lial cells divides into a body cell and a stalk cell, while the outer prothallial cell 
usually remains undivided. “The body cell corresponds to the central cell of an 
antheridium; it increases in size more than double, and its nucleus is enlarged in the 
same proportion. Hereupon this central cell undergoes commonly a cross or oblique 
division, by means of which two generative cells are created. The stalk cell of the 
antheridium is divided apparently only under certain conditions. Then the stalk 
cell and the first prothallial cell lose their independence, and the liberated generative 
cell passes into the pollen tube. ! 


This method of development would make @in/go correspond nicely 
with what occurs in some of the Conifers, but would seem to be 
quite different from what actually occurs in Ginkgo. 

The writer’s investigation of G/nigo, so far as carried out, indicates 
that the development of the prothallus here corresponds entirely with 
that described above in Zama. Shortly after germination the first 
and second prothallial cells can be discovered in the process of exten- 
sion, the first protruding considerably into the second. In Ginkgo the 
writer has not been fortunate enough to find the division of the second 
prothallial cell, which gives rise to the stalk cell and central cell. The 
three-celled stage immediately following the division, however, com- 
pares almost exactly with the three-celled stage of Zama (compare 
figs. 15 and 18), showing the first prothallial cell protruding into the 
stalk cell, and almost entirely surrounded by it. In older stages, both 
in Ginkgo and Zamia, when the central cell approaches the time for 
division, the first prothallial cell is almost invariably found to have 
grown up within the stalk cell to such an extent that it comes in con- 
tact with the central cell (fig. 20). In Zama several instances have 
been observed where it has even caused a decided indentation in the 
central cell (fig. 22). Another feature of importance in showing that 
what the writer calls the first prothallial cell is a genuine cell and not 
simply a central portion of a cell inclosed by protoplasmic strands is 
shown in the fact that, in some cells as a result of fixation or a differ- 
ent stage of development, the plasma membranes or //autschichts of the 
two adjoining cells separate, so that one can clearly distinguish two dis- 


1So zeigt es sich denn, dass in der zweiten Hilfte des Septembers die vordere 
der beiden Prothalliumzellen in eine Kérperzelle und eine Stielzelle zerfillt, wiihrend 
die aussere Prothalliumzelle gewohnlich ungetheilt bleibt. Die Korperzelle ent- 
spricht der Centralzelle eines Antheridiums, sie schwillt zum mehr als Doppelten 
noch an, und in demselben Maasse vergréssert sich ihr Zellkern. Hieraut erfihrt 
diese Centralzelle schon vielfach eine quere oder schriige Theilung, wodurch zwei 
generative Zellen geschaffen werden. Die Stielzelle des antheridiums scheint sich 
nur unter Umstiinden zu theilen. Dann geben Stielzelle und erste Prothalliumzelle 
ihre Selbstiindigkeit auf, und die befreite generative Zelle wandert in den Pollensch- 
lauch ein. (109, p. 18). 
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tinct membranes (fig. 19). The plasma membrane delimiting the cells 
in this case stain the same and appear the same in all noticeable char- 
acters as the membranes in other portions of the same cell and of the 
central cell. 


APPEARANCE AND GROWTH OF BLEPHAROPLASTS. 


After the division of the second prothallial cell into the stalk cell 
and central cell the entire apparatus continues to grow in size, and the 
next important stage of development following this is the appearance 
of the blepharoplasts.’ 

In order to determine the true nature of the blepharoplast it was 
necessary to know its history, and a very careful study has been made 
of its first appearance and gradual development. They were first dis- 
covered by the writer in Zamza in a medium stage of development, as 
shown in figures 26 and 58, in which stage they present a very striking 
appearance and would be taken for undoubted centrosomes. Similar 
organs occur in the central cell of Ginkgo biloba, and were first 
described by Hirase in 1894 (57). Hirase simply described their 
appearance in a half-grown stage, without tracing out their origin and 
function. They were next described by the writer in Zana in 1897 
(122, 123, and 124), and here their gradual growth and development 
into the cilia-bearing organ of the spermatozoid was traced. It was 
further found that they had no intimate connection with fecundation, 
being left at the apex of the egg cell while the nucleus passes on alone 
and fuses with the egg nucleus. ; 

Not being able to obtain material of Zama in 1897 to trace out the 
origin of the blepharoplasts, the early stages of Ginkgo were studied, 
and it was found that here they were formed de novo in the cytoplasm 
of the central cell. In 1898 the same organs in Cycas revoluta were 
carefully described by Ikeno (70). Since publishing his results in 
1897 the writer has made a very careful study of the early stages in 
Zama, and finds that here also they originate de novo in the cytoplasm 
of the cell, as first described by him in Ginkgo. 

During the division of the second prothallial cell as pointed out 
above (fig. 17), no indication of any organ resembling a blepharoplast 
or centrosome could be discovered at the pole of the spindle. The 
difficulty of obtaining this cell in stages of division, however, has pre- 
vented a very thorough examination at this stage. After the division is 
completed in stages like that represented in figure 18 and slightly later, 
avery careful examination fails to reveal a trace of any organ which 
could be considered to be an early stage of the blepharoplast. When 


"A term applied by the writer (124, 1897), to the cilia-forming organ of the 
spermatogenous cells of Zamia and Ginkgo which so nearly resembles a centrosome or 
centrosphere. The term is derived from (Ae Papis, eyelash or cilium, and zAa@éros, 
formed. 
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the central cell has increased in size to about twice the diameter it 
bad immediately after its reorganization, the blepharoplasts first begin 
to appear. (Compare figs. 19 and 24.) In Zamia floridana in 1898 
the blepharoplasts appeared mainly between March 5 and March 15, 
while in Z. pumala the same year they appeared mainly between March 
10and 25. It is probable that the date of their appearance may vary 
somewhat in different years, and the time of their appearance in differ- 
ent plants and even in different ovules of the same cone is very varia- 
ble. Indeed, great difference has been noted in the time of their 
appearance in different pollen tubes in the same nucellus. It is inter- 
esting to note that the pollen tubes have considerable individuality 
apparently, and vary greatly in their stage of development, size of 
organs, etc. In tubes on the same nucellus the writer has found in 
some the fully developed spermatozoids, while in others the central 
cell had not yet divided. 

In the earliest stage in which the writer has been able to surely 
recognize the blepharoplast, it seems to be made up of a small, deeply- 
staining granule from which several filaments of kinoplasm radiate, 
following the meshes of the reticulum. The central granule does not 
seem to be different in substance from the radiations—stains the same 
and shows no differentiation of structure. In this stage it is only a 
half micron in diameter or less and seems to be scarcely more than the 
point of crossing of the filaments of kinoplasm. They are located in 
the cytoplasm about halfway between the nucleus and the cell wall. 
Two are formed in each central cell at the same time and apparently 
independently. They are commonly located on opposite sides of the 
nucleus, but in a number of cases in this stage and in a still later 
stage they have been found nearer together, frequently less than 45° 
apart (figs. 19 and 25). The cytoplasm at the time the blepharoplasts 
appear forms a loose, open, reticular structure, and the rays which 
extend out from the blepharoplasts seem to run into the walls of 
the reticulum. The rays in this early stage are comparatively few 
and short. The nuclear plasm shows a reticular structure much finer 
than that of the cytoplasm and surrounds a large nucleolus. In the 
several instances of this early stage of the blepharoplast which have 
been observed they are located about midway between the nuclear 
membrane and the cell wall. In what seems to be a slightly later 
stage, however, when the blepharoplasts have grown considerably 
in size and show a distinct spherical body at the point of the converg- 
ing rays, they are found quite close to the nuclear membrane, which 
is commonly slightly indented just below them (fig. 19). 

In Cycas, according to Ikeno (70, p. 571), the two blepharoplasts 
appear in the central cell shortly after the division which gives rise to 
this cell and the stalk cell. They arise as two small bodies which at 
first lie close to the wall of the nucleus. No radiations are visible 
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from them for a considerable time. In this latter feature they seem 
to be considerably different from Zamza, where the radiations are 
visible and conspicuous in the youngest stage which can be detected. 
In Ginkgo, also, as shown by the writer (124+) and Hirase (62), the 
blepharoplasts appear in the central cell just after its formation, arising 
in the cytoplasm near the nuclear membrane. It is probable that 
Lamia, Cycas, and Ginkgo, agree in their main features, the absence of 
radiations in Cycas being probably due to the method of preparation. 

In this stage of development in Zama the central cell is still almost 
spherical, being flattened at the point of attachment with the stalk 
cell, as is shown in figure 19. Here the central cell is only about 36 ya 
in diameter, while the nucleus is about 183 “, the nucleolus 43 y, 
and the blepharoplasts 1 in diameter. The first prothallial cell is 
shown here very plainly, pushing up into the stalk cell, extending fully 
two-thirds of the distance through it. The nucleus of the prothallial 
, cell and that of the stalk cell are about the same size, the latter nucleus 
having increased in size since the stage illustrated in figure 18, and 
become somewhat compressed and lenticular from pressure. The 
pollen tube at this stage has reached a length of about 1 mm., and is 
at most places in the tissue from 40 to 50 4 in diameter, though this 
varies considerably. The protoplasm forms an open foam structure 
with large vacuoles, about the same as illustrated in figure 19. Starch 
grains have already become abundant in the tube, but are not so large 
or so numerous as in later stages. In the section figured no starch 
grains were visible in the stalk cell or prothallial cell, although in 
some instances they are formed in a still earlier stage. 

The first indication of differentiation in the blepharoplast, as it 
increases in size, is the formation of an outer membrane or wall 
(fig. 25). By this time the blepharoplasts have moved somewhat 
farther away from the nucleus and the kinoplasmie radiations have 
become much longer, more prominent, and apparently more numerous. 
The central cell has also increased in size, as well as the entire pro- 
thallus. Up to this time the central cell has been nearly spherical 
in outline, and the blepharoplasts, so near as ‘the writer has been able 
to observe, did not seem to occupy any definite position in reference 
to the attachment of the stalk cell. As the apparatus increases in size 
the central cell elongates and becomes elliptical or oblong, its major 
axis corresponding to the longitudinal axis of the pollen tube (fig. 20). 
The blepharoplasts during this development take up a’ position on 
opposite sides of the nucleus almost exactly on the major axis of the 
cell. Inalmost all of the cells in this stage of development the bleph- 
aroplasts occupy this position. In a number of instances, however, 
they have been observed to remain much closer together, and in some 
instances never assume a position opposite each other. In this early 
stage of development the central cell presents a beautiful reticular 
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structure (fig. 26), the meshes of the reticulum being rather large. 
The kinoplasmic filaments are but little more prominent than the walls 
of the reticulum into which they seem to run and disappear. The 
individual filaments themselves seem to be composed of fine granules 
and are, the writer thinks, quite surely threads and not plates. By 
carefully focusing above or below the blepharoplasts, irregularly 
arranged granules are seen which seem to indicate the thread-like 
nature of the radiations. These granules are interpreted as being 
cross sections of the kinoplasmic filaments. This, the writer is aware, 
is a disputed point in the structure of the kinoplasmic rays, and he 
has therefore very carefully examined many slides in the hope of being 
able to settle this question, at least in Zama. The radiations are 
larger and coarser in Zaméa than in any other plant which has come 
under the writer’s observation, and it would seem to be a very favor- 
able subject for the study of such disputed points. The cytoplasm, 
viewed in cross or longitudinal section, presents the same irregular 
meshes, and while the writer is inclined to view this as a foam struc- 
ture, it is a point on which he has arrived at no very satisfactory 
conclusion. 

As the pollen tube apparatus continues to grow the blepharoplasts 
also increase in size, and about the first of April the contents, which 
stain red with safranin in the Flemming triple process, become more 
or less vacuolate (fig. 29). This occurs when the blepharoplasts have 
reached about half the diameter which they finally attain. During the 
general increase in size the kinoplasmic rays have become more abun- 
dant and in many instances may be seen running from the blepharo- 
plasts out to the plasma membrane of the cell with which they seem 
to connect. 

GROWTH OF BASAL END OF POLLEN TUBE. 


The entire prothallial apparatus continues to increase in size until 
about the middle of May in Z floridana and the first of June in 
Z. pumila, when the central cell and blepharoplasts have reached their 
full size and the preparation for their division begins. The pollen 
tube, which has been gradually increasing in length and diameter, has 
now reached the extent of its growth in the tissue of the nucellus and 
has become more or Jess gorged with starch and reserve food materials. 
The tubes, of which there are commonly from 4 to 8 and sometimes as 
high as 13 or 14 in a single nucellus, usually grow to a length of 
2+ to 4 mm. and are from 80 to 150 jc in diameter in the tissue of the 
nucellus. They are ordinarily unbranched, but occasionally a branched 
tube is observed. The writer has never observed an instance where a 
tube had branched more than once. At this period of development, 
and later until fecundation takes place, the pollen tubes can be plainly 
seen in an examination of the apex of the nucellus with the unaided 
eye. The tissue next to the tubes is brownish or yellowish, cl arly 
marking the path of the tube. Furthermore, the tube usually causes 
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a protrusion of the nucellar tissue over it, which makes its course easier 
to follow. It is particularly interesting to note that when several 
tubes develop in the same nucellus they apparently do not grow 
altogether at random, but divide the space almost equally, radiating 
out from the pollen chamber as a center, with almost equal angles 
between them. There is no special structure of the nucellar tissue 
which guides this distribution of the tubes, so far as can be observed, 
and the pollen grains are apparently not guided in their distribution 
or position in the pollen chamber. ‘When a number of grains are 
found in the same nucellus they may be scattered in the lower part of 
the pollen chamber or grouped more or less together. When they 
germinate, and the tubes turn toward and enter the nucellar tissue, two 
or more may be found to enter the tissue and start in the same direc- 
tion. As they elongate, however, they diverge and divide the space 
between them, and this is a very necessary provision, apparently, as 
they are so large that in the thin nucellus of old stages there would 
not be room for them to grow together and cross. The writer has 
examined several thousand ovules in condition to show this feature 
well, and in no instance have two tubes been found very close together. 
In case there are many tubes they are necessarily nearer together than 
when there are only a few tubes. If there are only two or three tubes 
they may not divide the space exactly equally between themselves, 
but are invariably found to be separated by a fairly wide angle. In 
no case have the tubes been found bunched together on one side of 
the nucellus, as would occasionally occur if there were not some force 
guiding their direction of growth. It seems probable that when a 
tube enters the nucellar tissue it may produce a chemical change of 
some sort which serves to repel other tubes. It may, on the other 
hand, be simply a reaction to richness of food supply. Their distri- 
bution and growth in the nucellar tissue seem similar to that of root 
distribution in the soil, exclusive of the factor of light. 

During the growth of the pollen tubes the nucellus has continued to 
change considerably in form and shape. In the early stages of growth 
the apex of the nucellus has a considerable thickness compared with 
the pollen tubes (fig. 5). The tubes at first grow straight out laterally 
in the apical tissue of the nucellus (fig. 5), but before reaching the sur- 
face they turn downward and continue growing down through the 
tissue of the sides of the nucellus just underneath the surface (fig. 51). 
As the development continues the nucellus grows in size, but gradually 
becomes thinner, until at the time of fecundation it is reduced to a thin, 
papery membrane, except at the apex, where other changes have mean- 
while taken place. The tissue below the apex of the nucellus whieh 
was at first pointed becomes more or less contracted and sunken, as 
shown in figure 51. The tissue below the pollen chamber and between 
it and the prothallus, which is at first about 2 mm. in thickness, is gradu- 
ally absorbed and finally entirely breaks away, leaving an opening from 
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the pollen chamber into the archegonial chamber. The pollen tubes in 
early stages grow straight out laterally, the pollen grains being fre- 
quently above (toward the apex of the tube), so that the tube in ger- 
mination at first pointed downward and then curved to one side in 
entering the tissue (see two lower tubes in fig. 5). Such tubes as these, 
and also those which develop in other directions, become reflexed d uring 
the changes which occur in the apex of the nucellus, and finally the 
proximal ends of all tubes (the pollen-grain end) are found to be turned 
down so that they point toward the prothallus. A short time before 
fecundation, active growth begins in this end of the tube. The proximal 
ends of the tubes elongate and push down in the pollen chamber farther 
and farther, the cavity becoming larger and changed in shape. Finally 
the tissue of the nucellus below the pollen chamber breaks away and 
the pollen tubes hang down in a cluster in the archegonial chamber. 
They continue to grow in length until, at the time they burst and dis- 
charge the spermatozoids in the process of fecundation, the proximal 
ends, which hang down free from the tissue (fig. 51), have reached a 
length of from 1 to2mm. During this growth and up to the time the 
tube bursts the old pollen grain forms a little protruding end at the tip 
of the tube, which remains covered by the exine of the pollen grain. 
It stains red with safranip in the Flemming triple process, and is thus 
easily differentiated. 

An extremely interesting fact in connection with the pollen-tube 
development is the migration of the pollen-tube nucleus, which takes 
place apparently at the beginning of the active growth and extension 
of the proximal end of the tube. It will be remembered that when a 
pollen grain germinates the tube nucleus passes out of the pollen 
grain and takes a position near the end of the growing pollen tube, 
and during the entire active period of growth of this end of the tube 
remains relatively in this position, passing farther into the tube as the 
latter extends in length. In the course of the investigations it was 
found that when the active development had begun in the basal end of 
the tube, a nucleus corresponding in size and appearance to the tube 
nucleus was almost invariably found somewhere near the central cell. 
At first it was thought that this was an abnormal occurrence, the pol- 
len-tube nucleus having remained attached to the prothallus in some 
way and failing to migrate into the pollen tube, as it developed, in 
the normal way. Investigations showed that this nucleus, however, 
is normally found near the central cell in this stage of development. 
It would seem, therefore, that either it must be the pollen-tube nucleus 
which has migrated from the apical end of the tube to this location or 
that the pollen tube nucleus divides at some time during the develop- 
ment of the tube, and that one of the two nuclei remains in this loca- 
tion. Juranyi (72) found that in the pollen tubes of J/acrozam/a, 
grown in artificial cultures on pieces of soft pear fruit, the pollen 
tube nucleus after a time often divided into two; however, he appar- 
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ently did not observe the process of division leading to the formation 
of the second nucleus, and Strasburger was unable to confirm this por- 
tion of Juranyi’s observation.’ Recently, however, several investi 
gators have found the pollen-tube nucleus in various other plants to 
divide, at least occasionally. This was first observed by Chamberlain 
in Lilium philadelphicum (19), and later by Fullmer (42) in lemero- 
callis fulva. A somewhat careful search was therefore made in various 
stages of developing pollen tubes of Zama for a division of the pollen- 
tube nucleus, but no indication of such a division has -ever been 
observed. Furthermore, in an examination of the tubes where the 
nucleus is found near the central cell no case has been found where a 
second nucleus occurs at the apex of the tube. It would thus seem 
that the tube nucleus remains at the apex of the tube as long as this 
is the end where the most active growth is taking place, and then, 
when the active growth begins at the base of the tube in its elongation 
preceding fecundation, it migrates to that end of the tube in order to 
be near the point of greatest activity and superintend the growth of 
the pollen-tube wall in this location. Haberland (50), in his extensive 
paper on the relationship between the function and position of the cell 
nucleus in plants, has shown that the nucleus ordinarily takes position 
in the cell near the point of most active growth. The writer has come 
to the conclusion that in Zama the pollen-tube nucleus remains nor- 
mally near the distal end of the tube as long as the tube is growing in 
length and absorbing nutrition. The growth of the basal end of the 
tube does not start, apparently, until the tube has attained its full 
development in length in the apical portion. The tube nucleus then 
migrates to the base of the tube, the increased length of that end of 
the tube being due to the growth of the pollen tube in that region, 
thus necessitating the presence of the nucleus. This migration of the 
pollen-tube nucleus was not discovered until the writer was closing 
his investigations, and has not been as thoroughly investigated as 
the other processes of development described. He feels, however, 
that there is but little doubt of the correctness of the interpretation. 
Since this conclusion was reached the writer finds that the same migra- 
tion of the tube nucleus was observed by Ikeno (69, p. 573). 

In the middle of September the embryonal nucleus [tube nucleus] begins to move 
forward toward the body cell (fig. 22a, Pl. IX), and by the end of the same month 
it comes in contact with its posterior end, so that at this'time the body cell and the 
outer prothallial cell, as well as the embryo-cell and stalk-cell nuclei, meet at the 
terminating exine end of the pollen tube.? 


' Ebensowenig trat tiber gepriiften Falle der Pollenschlauchkern auch nur ein ein- 
ziges Malin Theilung ein. (Strasburger, 109, p. 3.) 

* Mitte September beginnt der Embryonalzellkern [tube nucleus] nach der Kér- 
perzelle sich hinzubewegen (fig. 22a, Taf. IX.) und Ende desselben Monats kommt er 
in Contact mit ihrem hinteren Ende, so dass zu dieser Zeit sowohl die K6érperzelle 
und die ‘iussere Prothalliumzelle, als auch der Embryonalzell- und der Stielzellkern 
an dem mit der Exine-abschliessenden Ende des Pollenschlauches zusammentreften, 
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Hirase (61) has also found that there is a similar return of the tube 
nucleus to the pollen-grain end of the tube in Ginkgo, so that the 
process would seem to be a general one in cases where this type of 
fecundation occurs. 

During the downward extension of the basal end of the pollen tube 
the prothallial apparatus remains attached to the base of the tube and 
is carried down with the tube in its elongation. The central cell in 
the course of this development is frequently compressed and drawn 
out so that its shape is greatly altered (figs. 48,49, and 51). In stages 
preceding this development the central cell is normally elliptical or 
oblong, its major axis corresponding to the major axis of the pollen 
tube (fig. 20). After the tube has turned downward and is sufficiently 
developed so that the basal end is free from surrounding tissue, the 
central cell rounds up and becomes nearly spherical. 

In the course of this development and change of the basal end of the - 
pollen tube and the prothallus, the blepharoplasts have also changed 
their position. Previous to this development they occupied the poles 
of the nucleus, a line passing through them corresponding to the 
major axis of the cell and longitudinal axis of the pollen tube. During 
the growth of the basal end of the pollen tube and consequent change 
of the prothallus they have changed their position in regard to the 
pollen tube and nucleus and have come to lie at opposite points on the 
equator of the nucleus transverse in the pollen tube (as shown in figure 
21, though this is after the division of the cell). The writer has not 
been able to determine whether this change in position of the blepharo- 
plast is due to a definite motion of the blepharoplasts themselves or to 
a change of shape of the cell and nucleus. It would seem, however, 
that the blepharoplasts must move in the cell independent of the 
motion of any other organ. As the central cell is pulled down by the 
growth of the pollen tube it is not infrequent to find the two blepharo- 
plasts preceding the nucleus. However, in the course of this trans- 
formation the blepharoplasts may be found in almost any position in 
the central cell, but usually remain nearly on opposite sides of the 
nucleus. 

The entire prothallial apparatus continues to increase in size until 
the latter part of May in Z. foridana and about June 10 in Z. pumila, 
when the central cell and blepharoplasts have reached their full size 
and the division of the central cell begins. In this stage of develop- 
ment all cells of the prothallus retain their relative positions with 
reference to each other, but the base of the pollen tube in which the 
prothallus is located has in most instances begun to grow and change 
its position as described above, and a change in the shape of the cen- 
tral cell has frequently resulted before this stage is reached. The first 
prothallial cell and stalk cell in this stage retain the same position as 
described ins the preceding stage, but have greatly increased in size 
(ug. 21). 
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Both the first prothallial cell and the stalk cell have become filled 
with numerous starch grains, which are frequently compound (fig. 21), 
and a cross section of the tube through these cells at this stage (fig. 23) 
presents a puzzling structure until the method of development of the 
interior first prothallial cell is understood. Even in this greatly 
enlarged mature stage the original end of the attachment of the first 
prothallial cell with the old pollen grain remains the same size as in 
the early stages (compare figs. 20 and 21), and the point of attachment 
of the nlesyia membrane of the second prothallial cell (now a part of 
the plasma membrane of the stalk cell) is the same distance from the 
point of attachment to the pollen tube as in the early stages (fig. 21). 

The central cell, which just after its formation by the division of 
the second prothallial cell was about 16.91 4 long by 15.57 mu wide, 
and which at the time the blepharoplasts appeared had reached a 
diameter of about 36 “, now commonly measures 170 / in width by 
190 in length. Its size, however, is very variable. The blepharo- 
plasts in which greatest interest centers have also increased greatly 
in size, in this stage measuring from 18 to 20 4 in diameter. In many 
instances, probably in the majority of cases at this stage, they have 
become somewhat compressed at the poles, so that they are more or 
less elliptical in equatorial section (fig. 59) and round in polar view 
(fig. 60). They still retain their positions at the poles of the nucleus, 
lying free in the cytoplasm, in this stage usually rather nearer the sur- 
face of the cell than the nucleus, not infrequently being almost in con- 
tact with the plasma membrane, which is frequently somewhat indented 
immediately above them. In the course of the development the con- 
tents of the blepharoplasts, which was at first homogeneous and then 
slightly vacuolate, has become filled with vacuoles which present a 
beautiful, regular form. A few highly refractive bodies, presenting 
the appearance of crystals or crystalloids of some sort, are also fre- 
quently observed in the blepharoplasts at this stage (fig. 29), but the 
writer has been unable to learn anything as to their nature or function. 
In this stage the kinoplasmic radiations have become very numerous 
and extensive, and are more slender than in earlier stages. They radi- 
ate in all directions from the blepharoplast, but are naturally more 
strongly developed and longer on the sides than above toward the sur- 
face of the cell or below toward the surface of the nucleus The writer 
has tried to determine how the increase in number of radiations is 
brought about, but has been unable to solve the problem. He has 
found no evidence, however, favoring their increase by division, as 
claimed by some investig' ators. The cytoplasm of the central cell in 
this stage has become much more dense than in the preceding stage 
described, but still presents a beautiful reticular structure in well- 
stained sections. The distinction between kinoplasm and trophoplasm 
here is not well marked; indeed, in no place in the development of 
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the central cell is this distinction evident. In the Flemming triple 
stain the fibers radiating from the blepharoplast are stained deep pur- 
ple with the gentian violet as normally occurs, but the reticulum of 
the trophoplasm also stains the same color, though slightly lighter, and 
in no case has the stain showed any characteristic differentiation 
between them. The nucleus of the central cell in this resting stage 
just preceding division is in most cases strongly indented on each side 
just below the blepharoplast (fig. 59). It might be assumed at first 
that this was due to the growth toward the nucleus of the kinoplasmic 
filaments in an early stage of spindle formation, but careful examina- 
tion plainly shows that this is not the case. The kinoplasmic rays do 
not crowd down against the nucleus to any extent, and the spindle is 
entirely intranuclear when first formed, having no connection with the 
blepharoplast. 
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The earliest stage in the division of the central cell which the writer 
has been able to detect occurs in the nucleus, in which here and there 
an accumulation of highly staining granules takes place, forming small, 
irregularly arranged groups (fig. 27). The blepharoplasts and other 
organs of the cell in this stage remain comparatively the same as in 
the preceding stage. The condensation of chromatin matter evidently 
continues, and gradually the complete continuous chromatin skein is 
organized. In the skein stage there seems to be nothing particularly 
different from the process ordinarily observed in the skein stage of 
other cells and plants. The chromatin band forms a loose, open coil 
(fig. 28), occupying but a small part of the nucleus. The small amount 
of chromatin visible here and in later stages seems out of proportion 
to the enormous size of the nucleus. Occasionally light lines can be 
observed radiating from portions of the skein in this stage, possibly 
foreshadowing the formation of the spindle. This would not seem to 
be the case, however, as similar lines are also observable in some instances 
radiating from the groups of chromatin granules in the earliest stage of 
division. Inthe skeinstage the blepharoplast remains in apparently the 
same condition as in the preceding stage unless somewhat larger. The 
kinoplasmic radiations stillappear very abundant. This collection of the 
stainable matters into groups of granules and then into a continuous 
skein evidently foreshadows a general contraction of the chromatin mat- 
ters into an irregular mass surrounding the nucleolus, a contracted con- 
dition apparently the same as the synapsis condition or stage which 
occurs normally in the reducing division in the formation of the pollen 
grains of various plants. Its occurrence in this stage of the develop- 
ment of the spermatozoids or germ cells of Zamiéa is thus of particular 
interest. This contracted condition of the nucleus in Zamna hes been 
observed in a number of instances in some of the very best fixed and 
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stained sections, and the writer can hardly believe it to be due to con- 
traction caused by reagents, as might be supposed. Indeed, the phe- 
nomena shown in Zama would appear to demonstrate clearly that it is 
of normal occurrence here; for, as shown later, after this collection of 
the stainable granules in one portion of the nucleus, the other portion 
of the nucleus remains occupied by a plain reticulum of unstainable 
matter filled with minute refractive granules. Sargent (96) was able 
to observe this stage in living nuclei of the pollen grains of Ladiuwm 
martagon, showing that in that instance the apparent contraction phe- 
nomenon was evidently a normal one. No conclusive evidence has 
been obtained, however, which shows its significance in the process of 
division. In the central cell of Zama it is only occasionally that 
nuclei can be found in this condition, and it is not a favorable place to 
study the phenomenon. The collection of deeply staining granules in 
irregular masses would seem to be immediately followed by their 
gradually moving toward one side of the nucleus and collecting around 
the nucleolus. The nucleolus is always in the midst of the mass of 
granules after the completion of the contraction, and it may be that 
the contraction is always toward that side of the nucleus to which the 
nucleolus lies nearest.’ The conviction can hardly be avoided that the 
nucleolus must be connected in some important way with the collec- 
tion of these granules around it. In Zunia the early stages at least of 
this phenomenon would seem not to be a contraction, but rather a movye- 
ment of the stainable elements, granules, etc., of the nucleus to a 
region in close proximity to the nucleolus, while a colorless, slightly 
granular, nonstainable matter remains in the original position. This 
unstained plasma is clearly visible and unmistakable and retains the 
original reticular structure (fig. 30). It might at first be assumed that 
this colorless network was due to the albumen used in attaching the 
sections, or to some deposit from the paraffin or killing reagents. 
Such could not be the case, however, as in some places where the 
nuclear membrane had become contracted away from the cytoplasm 
no such structure intervened, which would have been the case had it 
been caused by the albumen cement or any of the other reagents used 
in the process of killing, imbedding, etc. By a careful examination 
of the edges of the dense mass of granules occasionally a place may be 
observed where a few of the stainable granules may be found extend- 
ing out into a strand of this unstainable matter (fig. 30). It would 
seem from this that the chromatin granules follow along the reticulum 
of this hyaline plasm in the process of collecting in the synapsis stage, 
and that in such cases as the above a few isolated chromatin granules 
had not yet united with the general mass when the material from 
which the section was taken was killed and fixed. The reticulum of 
this colorless plasm seems thus to be coextensive with the reticulum of 
the densely staining portions of the nucleus, and apparently occupies 
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its place throughout the nucleus, while the chromatin and linin ele- 
ments are concerned in the formation of the spiral band. This hyaline 
plasm may probably be considered the nuclear sap or hyaloplasm which 
forms the ground substance of the nucleus. But it is certainly 
arranged in a reticulum, while the hyaloplasm or nuclear sap might 
be expected to fill the entire space. The chromatin and linin elements 
alone seem to be directly concerned in the formation of the spirem 
stage which follows, though this can only be conjectured. The gran- 
ules which are observable in the stainable portion of the nucleus while 
in this condition are of two kinds. The larger ones, which are round 
or elliptical in form and quite regular in outline, stain red with saf- 
ranin in the Flemming triple-stain process, and have the same struc- 
tural appearance as nucleolar matter, and, as they disappear later in 
the development of the chromatin spirem, it is probable that they are 
some form of reserve food matter which is used up in the further pro- 
cess of development. The other granules stain a deep purple-like 
chromatin, and are probably of this nature, as they appear to forma 
part of the chromatin spirem, which can be observed in process of 
formation in the synapsis condition. By a careful study of the coarsely 
granular stainable mass of the nucleus in this stage it can be discerned, 
particularly in the outer portion of the mass, that the smaller protein 
granules are arranged in chains, which are contorted and tangled 
together so closely that the arrangement can not easily be made out. 

The synapsis condition of the nucleus has been observed by numer- 
ous investigators, among them Strasburger (108, figs. 3, 66), Farmer 
(33, p. 473), Calkins (18, p. 105, fig. 3), Sargent (96), Duggar (29, p. 82), 
Dayis (26, p. 96), etc. Its occurrence is now so widely known that 
there would seem to be no doubt that it is a perfectly normal stage in 
certain nuclear divisions. In this stage (fig. 30) the blepharoplast, which 
has become elliptical in most cases, remains apparently unchanged. The 
radiations of kinoplasm are very abundant, as in preceding stages. The 
cytoplasm presents a fine reticular structure, the kinoplasmic threads 
corresponding with the network of the cytoplasm, being nearly straight 
in the vicinity of the blepharoplast and more or less waved after reced- 
ing some distance from it. Scattered here and there in the cytoplasm 
are numerous perfectly round globules, staining exactly the same as 
the rest of the network of cytoplasm, but seeming to lie between the 
meshes of the reticulum. They would seem to bo excretionary gran- 
ules of some sort (metaplasm), but their origin and nature have not 
been followed out. 

The above sequence of stages in the prophases of division seem to 
the writer to be the most probable interpretation, but he feels that the 
matter is still in some doubt. 

The next stage in the division which the writer has been able to 
observe is when the nucleus is in one of the closing prophases of 
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division approaching metaphase and the spindle is mainly formed. — It 
is highly important to understand the details of spindle formation, 
because further light might be thrown on the nature of the blepbaro- 
plast, but the writer has not been able as yet to find the necessary 
intermediate stages to make the process clear. 

In the next stage which has been observed the spindle is in an 
advanced stage of formation and the chromatin matter has become 
contracted to the center of the nucleus (fig. 31). The nuclear mem- 
brane is still intact throughout, the spindle being entirely intranuclear. 
The spindle fibers which are plainly visible do not as usual draw 
together at the poles and form a sharp-pointed spindle, but in this 
stage form a blunt-poled or barrel-shaped spindle, something similar 
to that described by Fairchild in Basidiobolus (31, figs. 8 to 6)s Certain 
groups of fibers can be seen to be attached to certain chromosomes 
and extend in a well-differentiated bundle toward the pole, reaching in 
this stage to the nuclear membrane, which is still apparently intact 
throughout, being as plainly visible at the poles as in any other region. 
This would point to the nuclear origin of the spindle, though it is of 
course possible that the kinoplasmic filaments surrounding the blepha- 
roplast could have penetrated into the nucleus and served to form the 
spindle. This, however, is not thought to be the case, although it may 
be remarked that the radiations from the blepharoplast, which were so 
striking in the early stages of development, are not nearly so promi- 
nent in this stage. The intranuclear origin of the spindle, while not 
of common occurrence, is nevertheless found in some instances among 
plants, as in the case of Valonia, described by Fairchild (30, p. 336), 
and Ascophyllum, described by Farmer and Williams. The latter 
authors say: 

An interesting feature presented by the achromatic spindle in this, and especially 
also in the following oogonial divisions, as well as in the divisions of the oospore, 
lies in the fact that it is largely intranuclear. It begins to be formed before the 
nuclear wall can be seen to be broken down at the two ends * * * (37, p. 625). 

In this stage of the division of the central cell in Zama the nucleolus 
has already entirely disappeared. The nucleus has the shape of a 
biconvex lens, being almost elliptical in section, its minor axis cor- 
responding usually to the major axis of the cell (fig. 31). The spindle 
does not occupy the entire nucleus, and at each side the protoplasm 
retains the reticular form similar to its structure before the spindle 
began to form. The most noteworthy variation in structure occurring 
in the cell at this stage of the division is in the blepharoplast, which 
has undergone a striking change since the last stage. It has increased 
in size somewhat, and the outer membrane has separated from the 
contents, which in the meantime has shrunken somewhat, though not 
very markedly as yet. The outer membrane of the blepharoplast 
stains more deeply purple with Flemming triple stain, and has sepa- 
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rated into fragments or plates, a cross section in this stage showing a 
broken line. The separations in this stawe, however, are yet quite 
irregular and infrequent. The content of the blepharoplast has con- 
tracted considerably, but still retains its vacuolate appearance (fig. 32). 
The kinoplasmic radiations which in the preceding stage were very 
strongly developed evidently almost disappeared at this stage, as sev- 
eral well-stained sections of nuclei in this stage show at best only 
slight suggestions of radiations. The reticulum of the protoplasm is so 
arranged as to give the suggestion of radiations immediately adjoining 
the blepharoplast. -What becomes of the radiations the writer is 
unable to say. They may in some way aid in the spindle formation, 
but the nuclear membrane still remains unbroken. Wilson says that 
“it is now generally agreed with Van Benedin that the mantle fibers 
are essentially a part of the asters—i. e., are simply those astral rays 
that come into connection with the chromosomes” (130, p;. (9), Thisis 
certainly not the case in Zam/a, unless we can imagine the rays of the 
blepharoplast swinging around, losing their connection with the 
blepharoplast, and penetrating into the nucleus through a well-formed 
nuclear membrane. The mantle and interzonal fibers of the spindle 
are both formed and the spindle apparently fully developed before 
the nuclear membrane breaks down. 

As the division progresses and reaches about the metaphase the outer 
membrane of the blepharoplast becomes more plainly segmented (fig. 
61, photograph) and the vacuolated content has become more shrunken 
and is plainly disappearing. During the metaphase, or slightly before 
or after, the nuclear membrane breaks up and would appear to become 
transformed into spindle fibers, which remain in the position previ- 
ously occupied by the nuclear membrane and preserve the outline of 
the nucleus. 

In an early anaphase of division (figs. 33 and 62) the dividing nucleus 
presents a perfectly normal appearance so far as the main features of 
division are concerned. The chromosomes have just pulled apart and 
are approaching their respective poles; the nuclear membrane has dis- 
appeared, but the outline of the nucleus is still preserved by fibers 
which seem to have been formed by the disorganization of the nuclear 
membrane. The disappearance of the nuclear membrane seems to be. 
gradually accomplished by its breaking ‘down and becoming directly 
transformed into fibers of the spindle, outside of the mantle fibers. 
which spread out in each direction toward the periphery of the cell 
and later take part in the formation of the new delimiting plasma 
membrane. A layer of cytoplasm around the nucleus and a hemis- 
pherical mass of cytoplasm at each pole presents a different structure 
and staining capacity from the general mass of the cytoplasm. It is 
composed of a more open reticulum, which does not stain so deeply as 
the more dense outside portions. The poles of the spindle end in this 
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open cytoplasmic mass, and it is in these ight polar areas that the 
daughter nuclei are finally organized. The blepharoplasts lie entirely 
outside of these light areas a considerable distance from the pole of 
the spindle. This can be observed more clearly by examining figure 34, 
which is an enlarged section taken out of cell photographed in figure 62. 
It will be noticed here that the spindle fibers come to a focus in the 
lower part of the figure. If now a centrosome or centrosphere of an 
ordinary kind was present it should be located where the spindle fibers 
come toafocus. This location, however, is occupied by no body which 
could be considered to be a centrosome. A most careful examination 
of the protoplasmic structure has been made at this stage of division 
and no connection can be discovered between the spindle and the 
blepharoplast. The radiations from the blepharoplast are, as in the 
preceding stage, rather inconspicuous and seem to be merely due to 
the arrangement of the reticulum. Between the ends of such radia- 
tions as can be observed and the pole of the spindle lies the hemis- 
pherical mass of polar cytoplasm, in which the reticulum presents a 
totally different appearance from that of the other cytoplasmic areas. 
The protoplasm here is made up of a loose, open reticulum, in which 
individual threads may be frequently observed to run for a consider- 
able distance in the same plane. The spindle fibers run into this mass 
and end rather abruptly, not extending up into it. The spindle fibers 
can not be confounded with the fibers of the reticulum. There can be 
no doubt that no fibers run from the spindle to the blepharoplast in 
any sense in which the spindle fibers focus on a centrosome or centro- 
sphere when such an organ is present. The spindle formation and 
structure were not investigated in much detail by Ikeno and Hirase; 
but this same peculiarity of structure would seem to be present also in 
the plants they studied. Hirase’s figure 18 (62) clearly shows that the 
radiations from the blepharoplast do not connect with those from the 
spindle, and the pole of the spindle is illustrated as having an entirely 
separate aster, in the center of which a centrosome should be located 
if any such organ is present. This is not so clearly shown by Ikeno’s 
figure 8, but in his figure 25a (70), where the nucleus is in an anaphase 
of division, the blepharoplast is very distant from the pole of the 
spind'e. 

The structure of the blepharoplast of Zam/a in this anaphase is also 
particularly interesting. The outer membrane is still observed to be 
split up into a number of segments. The membrane itself in cross 
section when very carefully examined seems to be made up of numer- 
ous granules of comparatively the same diameter placed side by side 
and making up the membrane. This structure is particularly interest- 
ing in connection with what follows when the membrane is broken 
up and appears merely as a group of numerous granules. 

The contents of the blepharoplast, so far as the stainable matter is 
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concerned, has entirely disappeared, and inside of the blepharoplast 
now a clear hyaline plasm is visible, forming a delicate reticulum with 
large meshes somewhat similar to the plasm found in the colorless 
parts of the nucleus in the synapsis stage of division. What has become 
of the dense stainable matter which previously occupied the center of 
the blepharoplast? It will be remembered that this matter appeared 
largely like nucleolar matter, remaining homogeneous but vacuolate, 
and staining deep red with safranin. Its contraction away from the 
outer membrane of the blepharoplast during division and its gradual 
disappearance as above described indicates that it may have been util- 
ized as reserve food material to provide for the active growth which 
has been taking place in the blepharoplast itself and in other parts of the 
cell. The growth of the outer membrane of the blepharoplast in thick- 
ness and the appearance of granules in the structure of the membrane 
is evidently correlated in some way with the disappearance of its con- 
tents. When the daughter nuclei organize in an early telophase, they 
are at first strikingly small in comparison with the organizing daughter 
cells and the nucleus of the mother cell. Figure 35 shows a drawing 
of a fairly early telophase, and a photomicrograph of the same cell is 
shown in figure 63. The nuclei of the daughter cells in this case have 
reached the daughter spirem stage, the chromatin spiral being plainly 
visible in one of the nuclei. The nuclei are elliptical in shape, being 
from 20 to 22 44 long and from 12 to 13 ye wide. The daughter nuclei 
are located in a portion of the cytoplasm, having a different reticular 
structure, which evidently corresponds to the specialized polar areas of 
cytoplasm described in the preceding stage. The spindle fibers have 
bulged out on each side of the old mother-cell nucleus, reaching the 
cell wall on each side. They have contracted away from the daughter 
nuclei, and seem at their outer ends to be in the process of gradual 
transformation into the normal reticulum of the cytoplasm. No visi- 
ble thickening occurs on the fibers where the new plasma membrane 
is to be formed, but a space free of granules and stainable matter 
clearly shows where-the new plasma membrane detimiting the two cells 
will form. This is particularly well shown in a photomicrograph of 
the cell shown in figure 63. 

The blepharoplast, which in the preceding stage was separating 
into plates or fragments and showed itself in cross section to be made 
up of numerous small granules so placed together as to form a mem- 
brane, is in this stage represented by » group of numerous round or 
oblong granules clustered together in a somewhat irregular, more or 
less spherical mass, which stains the same as the outer membrane of 
the blepharoplast. It would seem that the outer membrane of the 
blepharoplast breaks up into numerous segments or granules, which 
assume a roundish or elliptical form and through the action of the 
cytoplasm become crowded together in a mass occupying the position 
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of the original blepharoplast. In the cell shown in figure 35 the gran- 
ules are from one-half to 1 “in diameter and stain deep purple with the 
Flemming triple stain, as does the nuclear membrane. The mass of 
granules here occupies more space than the daughter nuclei and form 
a somewhat rectangular mass from 10 to 13 4 wide by from 20 to 22 fa 
long. The cell figured here is smaller than usual, being only 132 by 
174. The radiations from the blepharoplast would seem to be simply 
accentuated strands of the reticulum, the radiations running irregu- 
larly and corresponding with the walls of the cytoplasmic meshes. 
The radiations are by no means plain in this stage, and end rather 
indefinitely when they approach the granules of the blepharoplast. 
There is no indication of any membrane surrounding the blepharoplast 
in this stage. 

In a late telophase, when the daughter nuclei approach a resting 
condition they are found to have greatly increased in size, while the 
group of granules remains of comparatively the same size, and to all 
appearances unchanged. In this closing stage of the division, how- 
ever, a most wonderful process is just starting the organization of the 
cilia-bearing band of the spermatozoid, which is formed by the union 
of the granules of the blepharoplast. At tirst the band can be detected 
only as a delicate, short, deeply stainable line, extending from the 
group of granules of the blepharoplast toward the nucleus. At first 
apparently only one of these lines can be observed, but shortly, as 
development progresses, a similar line can be observed protruding 
from the mass of granules on the opposite side (fig. 39). At first the 
band is very narrow, being scarcely more than a line. It gradually 
increases in width, however, as it increases in length, till it soon has 
an appreciable width. While there would seem to be no possible 
doubt that the band is organized at the expense of and by the gran- 
ules of the blepharoplast, the details of the process of the organization 
is somewhat difficult to discover. In some sections the writer has 
been able to distinguish what seems to be individual granules of the 
blepharoplast fusing with the band where it joins the mass, several of 
the granules that have united with the band still showing their indi- 
viduality (figs. 36 and 37). Again, in bands which have developed 
considerably the thickness seems to be continually added to by the 
fusion of other granules with it directly on the edge which lies next 
to the mass of granules (figs. 38 and 64). It is not infrequent to 
find sections showing indications of this sort, which suggest the union 
of the granules together to form the band. Furthermore, as the 
band grows in length the granules of the blepharoplast gradually 
disappear till all have been absorbed in the growing band. The 
writer thus feels that there is little doubt of the correctness of the 
interpretation. This history of the origin of the cilia-bearing band 
by the fusion of the granules of the blepharoplast was first described 
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by the writer at the August 22, 1898, meeting of the American Asso- 
ciation for the Advancement of Science, and was published in Science, 
November 11, 1898 (127). The same conclusion as to the origin of 
the cilia-bearing band in Cycas was reached by Ikeno apparently about 
the same time, and published in his monograph which appeared some- 
what later, November 23, 1898 (70, p. 575). The beak which extends 
out from the nucleus to the blepharoplast and forming band in Cycas, 
as described by Ikeno in Cycas (70) and by Hirase in Ginkgo (62), 
the writer has not been able to find in Zama, even after renewed 
search. There would seem to be no reason, however, to doubt the 
correctness of the observations of Ikeno and Hirase. It may be that 
such a nuclear beak is formed also in Zama, but was contracted in 
the writer’s specimens by the reagents. ‘There is nothing to indicate 
this, however, and the writer believes that no such nuclear extension 
or beak is formed in Zama. How it could have escaped observation 
in the long-continued researches of the writer when special attention 
was given to searching for it is difficult to imagine. Similar beak- 
like extensions of the nucleus toward blepharoplasts have been 
observed by Strasburger (112) in swarm spore formation, and toward 
the centrosphere by Harper in the formation of the ascospore walls in 
Evrysiphe (51, figs. 18-25) and Lachnea (52, figs. 43-45). In a late 
stage of the spermatozoid formation in Zamia, when the ciliferous 
band has completed its growth, numerous little points have been 
observed extending out toward it from the nucleus, but these extru- 
sions are certainly not connected in any intimate way with the process 
of band formation. 

In the stage when the ciliferous band first begins to organize, the 
daughter nuclei are usually approaching a resting stage (fig. 36) and one 
nucleolus and sometimes two have already been organized ineach. The 
spindle fibers have shortened up materially and the cell plate is usually 
fairly well organized. The formation of the plasma membranes sep- 
arating the two cells is frequently shown with great clearness in Zama 
and one can observe all stages of the transformation of the spindle 
fibers into the reticulum on one side and the plasma membrane on the 
other. The spindle fibers gradually shorten in length and contract 
into the cell plate, apparently forming the material for the organiza- 
tion of the separating membranes. Even in an early stage of the 
organization of the separating membrane, when only a few meshes of 
the cytoplasmic recticulum intervene between the daughter nuclei and 
the ends of the spindle fibers, the place where the future cell wall 
will form is plainly shown by a slightly lighter, clearer area crossing 
the cell (figs. 85 and 63). As the cell advances thickenings appear on 
the spindle fibers where the new wall is to form. The fibers continue 
to contract more and more until they become very short. <A lighter 
staining mass of protoplasm then shows on each side of the forming 
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wall into which the short ends of the spindle fibers extend, and in 
which their gradual transformation into the ordinary reticular struc- 
ture of the protoplasm seems to be taking place (fig. 44). Ordinarily 
the double plasma membrane can not be distinguished readily, but in 
some instances it is plainly discernible, being due evidently to slight 
contraction. In the case of the division of the central cell which gives 
rise to the spermatids no cellulose well is formed between the cells. 
In cases where such a wall is formed or normally occurs it would 
doubtless be laid down between the two plasma membranes. As to 
the question of the division of the swellings on the spindle fiber into 
two portions in the formation of a double plasma membrane no eyvi- 
dence has been obtained. The two membranes normally appear as a 
single membrane and apparently, unless there is some contraction, the 
presence of a double membrane can not be determined. The details 
of the origin of the plasma membrane here correspond in general, so 
far as traced out, with the conclusions of Strasburger. A double 
plasma membrane, such as is seen in the central cell of Zama, is also 
described by Blackman (16, p. 400) in the formation of the ventral 
canal cell in Pinus. 

In a stage slightly later than the one above described the division 
may be considered as completed; the daughter nuclei having appar- 
ently returned to the resting condition (fig. 36). The organization of 
the cilia-bearing band, however, is yet incomplete. The band and 
blepharoplast granules still lie free in the cytoplasm, about midway 
between the nucleus and the plasma membrane. The band by this 
time has grown to an appreciable thickness and increased greatly in 
length. It now forms a crescent-shaped body with the granules 
erouped on one side (figs. 38 and 64). The band in this stage is 
usually about 7 to 10 “in width at broadest point. 


METAMORPHOSIS OF THE SPERMATIDS. 


After careful consideration the writer has concluded to adopt the 
zoological term spermatids in designating those cells which become 
metamorphosed directly into spermatozoids. The change in the 
daughter cells from the closing of the division of the central cell up to 
the maturing of the spermatozoids is thus discussed under the heading 
Metamorphosis of the Spermatids. The nomenclature here used 
corresponds with that used by Shaw (102) in Jarsilia. The use of 
spermatid and spermatozoid instead of antheroblast and antherozoid, as 
the writer at first intended, seems commendable as terms having a 
corresponding meaning in zoology and thus more generally under- 
stood. The central cell and intermediate cell generations can not be 
given terms similar to the zoological ones, as the process of devel- 
opment in plants is very different from that of animals, the reducing 


+) -. +. — oe 


METAMORPHOSIS OF THE SPERMATIDS. 49 


division occurring in the division of the pollen mother cell preceding 
the division which gives rise to the pollen grains. 

The most marked change takes place first in the ciliferous band, 
which continues to grow in length and width, and develops kinoplas- 
mic radiations from the outer surface. These radiations sometimes 
become very prominent, reaching out nearly to the plasma membrane 
(fig. 41). In the majority of the writer’s sections, however, no prom- 
inent radiations like these can be discovered. It is not long, however, 
till small papille are formed on the outer surface of the band which 
evidently develop into cilia later (fig. 40). It may be that these pro- 
tuberances occur while the band is young and grow into the marked 
radiations later. However this may be, it is certain that in a later 
stage the radiations disappear again or are contracted to small pro- 
tuberances on the outer surface of the band. The band up to this 
time lies free in the cytoplasm of the cell about midway between the 
nucleus and surface. 

The minute structure of the band in the spermatid in Zam7a reminds 
one forcibly of the structure of the tail of certain animal spermatozoa. 
While the band is still short, in fact almost as soon as it can be clearly 
distinguished to have width, one edge of the band seems to be denser 
and heavier than the other edge. This is the edge on which the gran- 
ules unite. In the mature spermatozoid, however, this distinction in 
the thickness and density of the different edges of the band can not be 
plainly distinguished. 

As the differentiation progresses the band, which has meanwhile 
absorbed all of the granules of the blepharoplast, becomes greatly 
extended in length, moves out away from the nucleus and becomes 
more or less closely applied to the plasma membrane of the spermatid. 
The band by this time has increased greatly in length and in this stage 
forms from one to two turns around the cell. In its growth the band 
is always so extended that it forms a helicoid spiral. The turns, when 
viewed from the apex, always running in a direction contrary to the 
hands of a clock, the spiral formed by the growth of the blepharoplast 
band is thus a levotropic one. When the ciliferous band has com- 
pleted one turn around the cell it has usually taken a position on the 
equator of the cell in such a way that it completely encircles the 
nucleus of the cell. In median sections through a spermatid at this 
stage the band is seen in sections on opposite sides of the nucleus 
(fig. 42). If the series of sections of a pair of spermatids is traced 
through till the upper section is reached the surface of the single 
band will be found to stxetch entirely across it above the nucleus. To 
reach this location from the point where it was organized by the 
blepharoplast granules, the band has traveled almost the entire width 
of the cell. It can be observed in this stage to be in close proximity 
to the plasma membrane, but evidently not fused with it, as the writer 
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was at one time inclined to believe. Immediately over the band the 
plasma membrane of the cell is invariably strongly indented. The 
cilia which develop from the outer surface of the band in this stage 
are little more than protuberances which seem to strike the plasma 
membrane of the cell and finally penetrate it and grow into mature 
cilia. The band continues to grow in length, but meanwhile decreases 
somewhat in width. It is broadest near the apical end and decreases 
in width gradually at both ends. The elongation continues until the 
band has developed five or six continuous turns around the cell. In 
this mature condition it is found to have developed in the form of a 
helicoid spiral with the apex located at the point of the cell corre- 
sponding to the original position of the blepharoplast. It is thus 
opposite the point of contact of the two spermatids in each case. 
During the growth of the ciliferous band the nucleus of the spermatid 
has increased in size, growing very markedly at the expense of the 
cytoplasm. The entire cell increases in size meanwhile, but not so 
rapidly as the nucleus. 


STRUCTURE AND FORM OF THE MATURE SPERMATOZOID. 


The mature spermatozoids, before they start to swim, differ but lit- 
tle in appearance from the spermatids in the last stage described (fig. 
42). In all cases the two spermatozoids which result from the division 
of the same central cell remain attached together until active motion 
starts. When mature, and before separating, each spermatozoid is 
irregularly hemispherical in shape (fig. 45). The nucleus occupies a 
large portion of the cell, but is plainly surrounded on all sides by a 
layer of cytoplasm. The karyoplasm is coarsely reticular and open, 
and there is almost invariably one or two nucleoli present. The cyto- 
plasm surrounding the nucleus on all sides is very densely granular 
and stains deep violet blue with the Flemming triple process. It is 
so densely granular that it is almost impossible to distinguish the 
reticular structure of the protoplasm. The ciliferous band in the 
mature spermatozoids is plainly shown, forming a helicoid spiral of 
from five to six turns which covers about one-half of the body of the 
spermatozoid. At the apex of the spiral the band apparently leaves the 
surface of the cell and gradually fades out, the small end occasionally 
making a complete but inconspicuous turn in the cytoplasm of the 
cell. At the open end of the spiral the band decreases in width and 
finally fades out entirely. The band retains the shape described in 
the older stages of the spermatid, being distinctly broadest near the 
apical end of the spiral and becoming narrowed to a point at each end. 
The following is the width of the band at each of the six cross sections 
on one side of a spermatozoid in a median section, beginning at the 
apex of the spiral: 5.1 4, 8.9 4, 7.7 4, 5.1 4, 5.1 4, 3.8 4. These figures 
would correspond closely with those taken from any other full-grown 
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spermatozoid in section. The plasma membrane over the band is 
strongly indented both in spermatids before motion has started (fig. 45) 
and in the spermatozoids swimming free. This forms a deep helicoid 
furrow on the outside of the spermatozoid body. Below this inden- 
tation lies the ciliferous band, frequently in such close connection 
with the plasma membrane that it is difficult to determine that the 
band has not fused with it. In some instances, however, in the most 
mature specimens, it can be seen that the band remains distinct and 
that the very numerous cilia growing from it penetrate through the 
plasma membrane (fig. 46). 

An interesting question is presented in regard to the structure of 
the ciliferous band. In some sections it would seem to be made up of 
numerous fine granules placed together side by side in such a way as 
to form a connected membrane, and the cilia appear to grow from 
these granules. It would be interesting to know if these individual 
granules are the same granules in each case as occurred before the 
organization of the band when the blepharoplast had broken up into 
a mass of granules. While this would seem probable and a natural 
sequence, no direct evidence has been discovered in its support. It 
might be added that the number of cilia on the band would seem to be 
larger than the number of granules in the blepharoplast, but no actual 
estimation of the number of these has been made in either case. The 
development of the cilia from definite granules in the band can be 
analogized with the granules which Strasburger found at the base of 
the cilia in the swarmspores of dogonium Vaucheria, ete. (112). 

Another feature of importance in the spermatozoid formation of 
Zama is the metamorphosis of the entire spermatid cell into a sper- 
matozoid. In the writer’s preliminary papers it was pointed out that 
when the central cell divides to form the spermatids a plasma mem- 
brane is formed entirely across the cell, and that in the transformation 
of the two daughter cells or spermatids into the spermatozoids these 
cells are transformed directly into the spermatozoids without the for- 
mation of a new plasma membrane. There is thus no formation of 
the spermatozoids inside of a mother cell and the differentiation of 
new walls around the spermatozoids, as had been described in all pre- 
vious cases of spermatozoid formation, so far as known to the writer. 
The correctness of the writer’s observations were questioned by some 
botanists, and this has led him, in later investigations, to give special 
attention to this point. Further study, however, has only contirmed 
the view first stated. The spermatids are made up of the entire daugh- 
ter cells resulting from the division of the central cell. The correct- 
ness of the writer’s observations on this point were confirmed by Ikeno 
in his study of the spermatogenesis of Cycas (70), where no mother- 
cell membrane or wall inclosing the spermatozoids was found. In 
Ginkgo the matter still remains in doubt. Hirase (62) does not dis- 
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cuss the matter directly, but his figures, 19, 24, 26, and 28, might be 
taken as indicating an inclosing membrane. Fujii’s figures (40, figs. 
2 and 5) also represent the formation of the spermatozoids inside of a 
mother cell, although here again apparently no special attention was 
given to this point, and the appearances of the figures, as will be 
shown later, are capable of other explanation. Coulter and Chamber- 
lain have recently called attention to this apparent difference between 
the development of Zamia and Cycas and Ginkgo (24, p. 44). The 
same authors draw a distinction between the spermatozoids of Zama 
and Cycas and those of lower plants which the writer thinks can hardly 
be maintained. They say: ‘‘It is these ciliated cells which have been 
called spermatozoids or antherozoids, and such they are physiologic- 
ally. Morphologically, however, they are sperm mother cells which 
do not organize sperms, a fact which seems true of all spermatophytes.” 
The organization of the whole cell into a spermatozoid is considered 
by them to be very different from what occurs in the Pteridophytes. 
‘*The contrast with Pteridophytes, in which each mother cell organ- 
izes an internal ciliated sperm and discharges it, is sharp.” It is 
difficult to harmonize this statement with the recent researches of 
Shaw (102) and Belajeff (12) on Jlarsilia, where it is clearly shown 
that the spermatozoid is the entire mother cell metamorphosed. It is 
too early to generalize, but the writer is inclined to the opinion that 
where spermatozoids are differentiated inside of a mother cell which 
is discarded it will be found that it is the cellulose shell only, if such 
is present, which is thrown away. The plasma membrane (/aut- 
schicht), from which the cellulose wall is apparently secreted, prob- 
ably draws away from the worthless cellulose shell in the spermatozoid 
formation so that the entire cell, morphologically, is utilized. Noth- 
ing is lost in nature as a usual thing. How then could we expect the 
plasma membrane, which is apparently simply a modified form of | 
active kinoplasm, to be thrown away? The fact that a double plasma 
membrane delimiting the daughter cells is first formed in cell division, 
each cell having its own membrane, and that if a cellulose wall is 
formed at all it appears later between these membranes, indicates that 
the wall is of secondary importance, which is further supported by 
the fact that in many cell divisions, as in all the prothallial cells of 
Lamia and Ginkgo, no cellulose walls are formed, the cells being 
delimited only by the plasma membranes. The cell wall the writer 
looks upon as a secretion and not an active organ of the cell, the 
discarding of which could not be looked upon as indicating a different 
morphology. In case more than one spermatozoid is formed within a 
cell their formation must be preceded by karyokinesis, which would 
doubtless divide the protoplast into as many distinct cells. 
Strasburger’s recent investigations of swarm-spore formation may 
be cited in support of the writer’s view on this point. He states that 


STRUCTURE AND FORM OF THE MATURE SPERMATOZOID. 53 


in his earlier investigations on Vaucheria he was mistaken in describ- 
ing the dissolution of the //autschicht of the sporangium and the for- 
mation of a new //autschicht around each spore (112, p. 188). In the 
case of Edogonium, also according to Strasburger, the /autschicht 
of the sporangium goes to form the //autschicht of the swarm-spore. 
Strasburger says: ‘* Die Hautschicht des Sporangiums liefert auch 
hier thiitsichlich die Hautschicht der Schwiirmspore.” 

In studying the living pollen tubes in sugar solutions, considerable 
search has been made for evidence bearing on this point. In no ease, 
however, has a definite membrane connected with the stalk cell been 
found inclosing the spermatozoids, which could be considered as the 
wall of the mother cell. When the spermatozoids pull apart, how- 
ever, an appearance is sometimes observed which might suggest the 
presence of a mother cell wall. If mature pollen tubes, in which cilia 
motion has not begun, are placed in sugar solution, the cilia begin to 
vibrate and the spermatozoids gradually pull apart and round up, as 
described elsewhere in this paper. When the cilia first begin their 
motion the surrounding protoplasm seems to hold together and spring 
back and forth by the beating of the cilia, as if bordered by a definite 
membrane. When the spermatozoids round up they occupy less space 
than when they are attached and quiescent. In certain tubes the pro- 
toplasm surrounding the spermatozoids holds together tenaciously 
when the spermatozoids begin motion, strongly suggesting the pres- 
ence of a mother cell wall. When the spermatozoid strikes against it 
or when hit by the cilia, the protoplasmic mass does not break up, but 
shows elasticity, springing in and out with the impinging of the 
cilia, etc. This is seen to some extent whenever spermatozoids are 
observed starting their motion, but it is seldom very noticeable. 
Usually the protoplasm soon breaks up and the spermatozoids swim 
about unobstructed. While these observations suggest the presence 
of a mother cell wall, the writer believes that it must be interpreted 
in another way, as it is certain from a study of prepared sections that 
no distinct wall from that of the mother cell is formed around the 
spermatozoids. It would seem that the protoplasmic structure is 
not easily broken up and hangs together tenaciously in some cases. 
Again, the plasma membrane of the pollen tube, which is a single cell, 
surrounds the entire prothallial apparatus, and it is probably this 
membrane which gives the spermatozoids some difficulty in breaking 
through into the general protoplasmic contents of the pollen tube. 
The plasma membrane of the pollen-tube cell is not-so easily differen- 
tiated as that of the cells of the prothallial apparatus, but is usually 
clearly distinguishable, and would probably form an obstruction to 
any object like a spermatozoid entering it. Considering the structure 
and phenomena presented, the writer has been led to the conclusion 
that the description of the structure given in his preliminary paper is 
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correct, and that Hirase and Fujii probably erred in figuring a mother 
cell in Ginkgo, inside of which the spermatozoids are differentiated. It 
is important to note furthermore that in Fujii’s figures (40, figs. 2 and 
5), the drawings, when critically examined, do not show the differen- 
tiation of the spermatozoids inside of the mother cell, as no wall is 
shown separating the two spermatozoids. When the central cell 
divides into two cells they are separated by a definite membrane. If, 
then, each one of these mother cells develops a spermatozoid inter- 
nally, this separating membrane should remain between the develop- 
ing spermatozoids, but this is evidently not the case, judging from the 
figures. Fujii’s figure 2 seems to illustrate exactly the same appear- 
ance as that described above as occurring in Zama when the sperma- 
tozoids pull away from each other and round up so that they occupy 
less space, and have their original location marked by the surrounding 
plasma membrane of the pollen tube. The writer believes that it may 
be safely concluded that Ginkgo corresponds with Zama and Cycas in 
the metamorphosis of the entire cell, and, as stated above, believes 
that this method of differentiation is in harmony with what is found 
in Marsilia, and probably in other ferns and lower plants. 


MOVEMENT OF SPERMATOZOIDS. 


For purposes of microscopic study the pollen tubes were cut off 
some distance above the prothallus and placed on ordinary microscopic 
slides, hollow-ground slides, or in glass chambers in solutions of cane 
sugar. In the beginning of the studies water was used, but this proved 
very unsatisfactory, as the spermatozoids soon died and burst, evidently 
from the difference in density of water and the contents of the cells. 
Solutions of cane sugar of several strengths were tried and a solution 
of about 10 per cent gave in general the best results. By the use of 
this solution the spermatozoids were kept living and moving for a 
considerable time, making it possible to study them quite carefully in 
a living condition. If they are transferred to the sugar solution with- 
out injury they usually continue to move from thirty to sixty minutes 
and one instance was recorded where motion continued for two hours 
and forty-four minutes. The feat of cutting off the pollen tubes 
which hang down from the apex of the nucellus, as shown in figure 51, 
is by no means as difficult as might be supposed, judging from the size 
of pollen tubes and sperm cells in plants ordinarily. Here the pollen 
tubes and spermatozoids are so large that they are plainly visible to 
the unaided eye and can be easily handled under an ordinary dissecting 
lens. In the manipulation the ovaries are cut open and the upper 
part of the membraneous nucellus with the pollen tubes removed. The 
nucellus can then be inverted over the first finger of the left hand and 
held in place by the thumb and second finger. Held in this way the 
tubes protrude prominently and can be easily cut off with a sharp 
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scalpel or razor and transferred to the microscopic slide. In many 
cases the writer succeeded in cutting off the tubes nicely by placing 
the tip of the nucellus with the pollen tubes uninjured on the slide in 
sugar solution under a dissecting microscope and while holding it with 
forceps severing the tubes by a lateral cut. In this way one may fre- 
quently get uninjured spermatozoids swimming free in the solution, 
and it is thena striking sight to observe them. It is difficult to believe 
that the little opaque white spheres, which can be seen very easily 
with the unaided eye and can even be observed to move around, are 
really spermatozoids. It is not a difficult matter to obtain the sper- 
matozoids moving in Zama, the writer having observed hundreds of 
them living and moving. He has shown them to many friends, includ- 
ing some twenty of the Washington botanists. 

In removing the nearly mature pollen tubes the spermatozoids are 
found to be in various stages of development, as would be expected. 
In many cases tubes have been observed, before cutting them off, in 
which the two spermatozoids had pulled apart and were swimming free 
in the protoplasm. In some instances their movement in the pollen 
tube, before it is injured, can be observed with the aid of a hand lens. 
This was first noticed by my colleague, Dr. Erwin F. Smith, in material 
which he was looking over with the writer, and was later observed by 
the writer in many instances. 

Evidently this is what occurs normally in the development of the 
spermatozoids, just before fecundation, as numerous instances have 
been found in prepared sections of material, just at the time of fecun- 
dation, in which the spermatozoids had broken loose from the stalk 
cell, pulled apart, and were swimming free in the pollen tube (fig. 68). 
Their lively motion probably has considerable to do with the bursting 
of the pollen tube when they are discharged in the prothallial cavity 
over the archegonia in the normal course of fecundation. In many 
instances tubes which were cut off and placed in sugar solution were 
much younger and showed the prothallial apparatus entire, exactly as 
shown in sections. The second prothallial cell inside of the stalk cell 
in such instances showed very plainly, being of a darker color than the 
latter. The nuclei in these two cells, however, could not be discerned 
in the living material, probably owing to the surrounding starch, ete. 
The two spermatozoids in such tubes remained attached, though appar- 
ently matured. When mature pollen tubes of this nature are cut off 
without injury and placed in sugar solution the prothallial cell, stalk 
cell, and spermatozoids can at first be seen to bave their normal shape. 
In a few minutes, however, when the sugar has had time to diffuse 
into the pollen tube the spermatozoids gradually begin to move. A 
few cilia start the movement, contracting very slowly at first; then 
gradually the other cilia begin to move and the rapidity of the motion 
increases until soon all of the cilia are vibrating so rapidly that they 
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can hardly be seen. The spermatozoids after starting motion soon 
break loose from the stalk cell, which quickly collapses. Shortly after 
this they begin to gradually round up and pull apart, the ciliar motion 
continuing very active meanwhile. As they are located previous to 
this, closely pressed together with their major axes crossing the tube 
(fig. 47a), there is not room for them to separate by pulling directly 
apart, so they stretch in opposite directions, bending toward the longi- 
tudinal axis of the tube (fig. 47 b and ce). They continue to round up 
more and more and finally pull entirely apart (fig. 47d). In one tube 
of this nature, when first cut off and placed in sugar solution, stream- 
ing motion of the protoplasm of the pollen tube was noticed in some 
strands immediately above the spermatozoids. This was entirely 
interrupted as soon as the motion of the spermatozoids began. 

In the examination of fixed and stained sections of tubes in which 
the spermatozoids were swimming, there seems to be very little proto- 
plasm in the tube. The living tubes, however, present every evidence 
of being very turgid and completely filled, and such is doubtless the 
case. In tubes which are cut off quite long and are uninjured in the 
transfer, such as the tube mentioned above in which streaming motion 
was observed, the entire tube is seen to be filled with granular proto- | 
plasm, with definite strands occurring here and there. The sperma- 
tozoids when they first begin moving have some difficulty in breaking 
through the plasma membrane of the pollen tube cell and entering the 
general protoplasm of the pollen tube (see page 53); when this is 
accomplished, however, they swim back and forth with considerable 
ease. It is an interesting sight to see the two giant spermatozoids 
moving around vigorously in the pollen tube, bumping against each 
other and the wall of the tube in their reckless haste. They seldom 
escape from the upper cut end of the pollen tube, although they as fre- 
quently swim toward this end of the tube as the other end, so far as 
could be observed. In many cases the pollen tubes were cut so that the 
spermatozoids escaped into the solution, and in numerous other cases 
mature turgid tubes burst in the process of cutting, discharging the 
uninjured spermatozoids in the sugar solution. The writer was thus 
able in many cases to study the spermatozoids swimming free and 
observe their unobstructed motion. The plasma membrane of the sper- 
matozoids is very tender, however, and is commonly broken in attempt- 
ing to remove them from the pollen tube. Whenswimming free without 
pressure they are slightly ovate, nearly round or compressed spherical 
(fig. 52). They vary greatly in size, but are commonly slightly longer 
than broad, ranging in length from 222 to 332 mu and in width from 
222 to 306 w. ~The spermatozoids of Ginkgo are described by Hirase 
(62, p. 123) as being egg-shaped and 82 «4 long by 49 4 wide. Those 
of Cycas are said by Ikeno (70, p. 580) to be 160 «4 long by 70 “ wide. 
The spermatozoids of Zama are thus much larger than those of Cycas 
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or Ginkgo, and so far as the writer has been able to learn are the largest 
that have been observed in either the animal or vegetable kingdoms. 
The cilia are also very prominent and numerous, measuring from 40 
to 50 « in length. When observed under the microscope in a living 
condition the spermatozoids are densely granular and of a yellowish 
brown color by transmitted light. By reflected light under a low 
magnification they are white and opaque. The cilia and the helicoid 
spiral band to which they are attached can be easily seen, while the 
structure of the nucleus and cytoplasm is so similar that the nucleus 
can not be discerned. 

The motion of the spermatozoids when swimming free in sugar solu- 
tion is in no way different from their motion when in the pollen tube. 
The general motion is a continuous rotation of the body, always in the 
same direction, around an axis passing through the apex of the heli- 
coid spiral. Viewed from the head end or apex of the spiral the rota- 
tion is in the direction of the hands of a clock and contrary to the turns 
of the spiral band. They roll around, first here, then there, resem- 
bling in this respect the motion of Pandorina. After moving about 
rapidly for from five to fifteen minutes they usually cease all progres- 
sive motion, but continue to rotate for a considerably longer period. 
The rotary motion also soon ceases, but the cilia continue to vibrate 
fora considerably longer time. The spermatozoids of Zama also haye 
an amoeboid motion, which is particularly noticeable while they are 
inclosed in the pollen tube. The apex of the spiral as a whole fre- 
quently rotates in a most remarkable way, turning in a circle, pushing 
out first this way and then that way with the greatest freedom of motion, 
as if selecting a point of exit or ingress. In other cases the base or the 
side of the spermatozoid body may be considerably extended as a blunt 
point in pushing between two obstacles. The whole body seems flexi- 
ble and changeable in the highest degree and is eminently fitted for 
its difficult task of finding and swimming through the narrow passage 
between the neck cells of the archegonia. This amceboid motion is 
highly suggestive in connection with the possible motility of non- 
ciliated sexual cells in sea weeds and seed plants: It seems almost 
certain that the spiral sperm cells that have recently been described as 
occurring in a number of seed plants—Zzliwm (Nawaschin, Guignard), 
Fritillaria (Nawaschin), Triticum (Goroschankin), SiJphium (Merrill), 
etc.—will be found to have such a rotating amceboid motion even if 
they are not ciliated. The writer is not aware that attention has 
before been called to this mode of motion in sperm cells. 

The vibration of the cilia in vigorous spermatozoids is exceedingly 
rapid and difficult to study. Judging from observation made on cer- 
tain spermatozoids just starting motion and others which had nearly 
exhausted their energy, there would seem to be a rhythmic contraction 
of the cilia which passes quickly from one end of the band to the 


58 SPERMATOGENESIS AND FECUNDATION OF ZAMIA. 


other. A tremulous vibration of the cilia, apparently independent of 
the rhythmic contraction, can be observed in the weaker motion of ~ 
extreme youth and age. Whether this occurs in the period of vigor- 
ous rapid motion could not be determined, but there would seem to be 
no reason why it should. It would seem to be a nervous action con- 
nected with weakness. The motion of the spermatozoid as a whole is 
comparatively slow and sluggish. 

The movement of the living spermatozoids of Ginkgo was observed 
by Hirase, but only in a fewinstances and was not carefully described. 
Those of Cycas have as yet not been observed in a living condition. 
In September, 1898, Fujii (89) made a somewhat detailed study of 
the living spermatozoids of Ginkgo, and as his paper is published in 
Japanese and is thus inaccessible to many, an outline of his observa- 
tions will not be out of place here." As in the case of the writer’s 
study of Zama spermatozoids published in 1897, Fujii used a 10 per 
cent solution of cane sugar in studying the Ginkgo spermatozoids, and 
succeeded in keeping them living for several hours. 

At 11.37 a. m. a spermatozoid escaped from a pollen tube and moyed slowly, but 
with definite rate, for thirty minutes; afterwards it stopped and only moved its body 
atadefinite place. At1.050’clock p. m. only aciliary movement was observed; at 1.30 
p- m. it stopped all motion, as if dead, but soon afterwards it regained its ciliary move- 
ment, and finally at 2.05 p.m. it ceased all motion. 

The second spermatozoid studied appeared from the pollen tube at 4.20 p. m. and 
moved in and out of the field of the microscope for one hour and twenty-five minutes. 
Afterwards, by a careless mistake, the sugar solution dried up and it stopped all 
motion. Besides these two spermatozoids I observed four others, but they lived 
only a short time. One spermatozoid observed by Mr. Yobe lived for three hours. 

Fujii described the motion of the spermatozoids in swimming as 
similar to that of infusoria. 

It is a very interesting fact, as observed by Fujii, that the sperma- 
tozoids occasionally cease all motion, as if dead, and after remaining 
in this quiescent condition for a time begin motion again. I have 
observed this many times in Zama. Frequently the sperms swim 
véry actively for a time and then cease motion, as if desiring rest, and 
later begin motion again. It would hardly seem probable that the 
sperm could absorb nourishment from the surrounding media and gain 
energy in this way for further motion, but this may be the case. 

Later, in 1899, in a second paper, Fujii (40) described further obser- 
vations on living spermatozoids and the methods by which they get out 
of the pollen tubes in sugar solutions. An extract from his description 
follows: 

The spermatozoid in the mother cell moves its body gently and turns over in many 
directions by the ciliary movement, assuming various shapes, slightly changed by the 
simultaneous pressure of the mother cell and the two spermatozoids. At the same 
time, and owing to the same pressure, the nuclei also changed their form. The 


'Fujii’s papers were kindly translated for the writer by Dr. H. Ikeda. 
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spermatozoids being soft and very elastic, recover their shape after the pressure is 
past. Thespermatozoids are next shown in figure 3 in the process of getting out of the 
mother cell, after which they swim freely in the pollen tube, from which they gen- 
erally escape later. In general, there are two modes by which they get out of the 
pollen tube, viz, (a) gradually, (b) suddenly, and this difference depends chiefly on 
the density of the surrounding fluid. (a) Mode of gradually escaping: Figure 4 shows 
an example of a spermatozoid gradually getting out of the tube, observed in Tokyo. 
At 4.15 p. m. (September 17) the head of the spermatozoid made its appearance a 
little out of the pollen tube and after five minutes it entirely got out of the tube and 
recovered its normal shape. Then it swam with a definite rate until 5.45 p.m. From 
this observation it can be seen how soft and elastic the body is. This is very similar 
to the escape of the swarm spores of Gigodonium or the spermatozoids from its old 
cell wall, because also in this case the shape of the swarm spore or of the spermato- 
zoid, before and after getting out of the old cell wall, are quite different, like that of 
the spermatozoid of Ginkgo. They also have an oval shape with numerous cilia. 
(b) Mode of suddenly escaping: In this case the membrane of the mother cell con- 
taining the two spermatozoids (also with Hirase’s two cytoplasmic cylinders?) is sud- 
denly thrust out of the pollen tube, as shown in figure 5 xxx. At first the shape of 
the spermatozoid is very irregular because of the surrounding pressure produced by 
sudden protrusion, but gradually it separates from the mother cell and takes the form 
shown in 6 and 0’ and ceases its motion for a short time. Finally it recovers its 
complete shape, like the fruit of an eggplant, and gently begins to swim with a 
definite rate. This fact also shows how soft and elastic it is. In a strict sense, how- 
ever, it does not always recover its former shape. For instance, when it was sub- 
jected to great pressure at the time of escaping its shape becomes like that of a snail, 
and in such a case after getting out it will be killed by the deformation. But even 
in the case of suddenly escaping, if the pressure and change in shape is not too great, 
it will swim freely soon after escaping. 

In the case of Zama the writer has given considerable attention to 
the method of escape of the spermatozoids and has observed the two 
methods described by Fujii. The first method of the gradual creeping 
out of the spermatozoid has been frequently observed in pollen tubes 
placed in sugar solution, but in almost all cases the tubes could be 
observed to have been broken previously, thus allowing the elastic 
spermatozoid to stretch out and creep through without actually pene- 
trating the membrane itself. In very numerous instances the extreme 
difficulty which the unwieldy spermatozoid has in overcoming slight 
obstruction has been observed; as, for instance, the difficulty of break- 
ing the plasma membrane of the pollen tube described above (p. 53). 
In Zama, where the cellulose wall of the pollen tube is quite thick, the 
writer is inclined to believe that it would be impossible for them to 
penetrate the wall in thismanner. The second mode of escape by the 
sudden rupture of the pollen tubes is very commonly observed. At 
the time of maturity the tubes seem to be under great tension and a 
slight touch serves to cause them to burst and discharge their contents 
along with the spermatozoids as described in the writer’s second pre- 
liminary paper (123, p. 18). This method of escape in Zamia would 
seem unquestionably to be the one normally occurring in the process 
of fecundation, as described hereafter. 
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Which end of the spermatozoid is to be considered the anterior end 
and which the posterior is not an easy question to determine in Zamia, 
if analogy with other forms is disregarded. In the pollen tube and in 
sugar solutions they move both backward and forward, and in their 
rolling, tumbling motion it is hard to recognize any system. However, 
there are several factors which enable us to determine that the apex 
of the spiral must be considered as the head end: (1) The two sper- 
matozoids as developed are attached by the side opposite the apex of 
the spiral, and in their separation the cilia movement always exercises 
a very perceptible pulling force outward toward the apex of the 
spiral, which gradually results in the separation of the spermatozoids 
(figs. 47a to47d). (2) In general, the selective end of the spermatozoid 
in free motion is the spiral end. (3) In slowly creeping out of broken 
pollen tubes, as described above, the spiral end usually precedes, but 
this is not always the case. (4) As observed over the neck cells of 
the archegonia, apparently in the process of attempting to enter, the 
spiral end has always been down toward the very small opening. (5) 
In entering the cytoplasm of the egg cell the apex of the spiral is 
always in the lead, as shown by very numerous instances (fig. 56). 

The last two factors are of the greatest importance, and clearly show 
that the spiral end must be considered the anterior end. This, of 
course, is what would be expected from a comparison with the sper- 
matozoids of ferns and mosses, but it is an interesting distinction from 
the animal spermatozoan where the motile organ forms the tail or 
posterior end. 

In his preliminary paper announcing the discovery of spermatozoids 
in Ginkgo, Hirase (61) described the presence of a prolongation of the 
posterior end of the spermatozoid into a tail, an organ not present in 
other plant spermatozoids, so far as known. In the writer’s prelimi- 
nary paper in 1897, on the spermatozoid of Zama (123, p. 20), it was 
stated that ‘‘there is no free tail in Zamia, as is said by Hirase to 
occur in Ginkgo.” In his complete monograph in 1898, Hirase (62, p. 
123) again describes and figures the spermatozoid with a sharp-pointed 
tail 284 long. He says that since one never discovers the tail in the 
hemispherical spermatozoids at rest in the pollen tube, it seems rational 
to conclude that they are formed almost at the moment of the escape 
from the tube end at the expense of a certain portion of the cytoplasm. 
Ikeno (70, p. 579) was not able to study the living spermatozoids 
of Cycas, but concluded from a study of fixed material that the sper- 
matozoids of Cycas corresponded to those of Ginkgo in the presence of a 
tail. He wrote, ‘‘auch ist ein spitziger Schwanz vorhanden, welcher 
weiter nichts ist als die Verlangerung des hinteren Endes des cyto- 
plasmatischen Mantels.” 

The writer’s conclusion in regard to the absence of a tail in the 
spermatozoids of Zama were based on a study of hundreds of sper- 
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matozoids while swimming free in sugar solution, as well as on a study 
of prepared material, while apparently only two living spermatozoids 
had been observed of Ginkgo and none in the case of Cycas. This 
constituted one of the fundamental points of difference between the 
writer’s conclusions and those of Hirase and Ikeno, which would seem 
to indicate a closer relationship of Cycas to Ginkgo than to Zamia. 
Fortunately this difference has been explained by Fujii (39), who 
undertook a study of the living spermatozoids of Ginkgo particularly 
to settle this point of difference. Fujii, as described above, studied a 
number of living spermatozoids, and had an excellent opportunity to 
settle this point of difference. He concludes as follows: 

Hence, with my observations, I shall infer that the spermatozoid of Ginkgo has no 
tail. Here I will only point out that, as everyone knows, Mr. Hirase did not draw 
a false figure different from what he observed, and I remember that his figure is the 
same as one which I saw in his preparation (which was afterwards unfortunately dam- 
aged during a journey). Therefore, I think that (1) the spermatozoid in Hirase’s 
preparation was an abnormal one; (2) when the spermatozoid was getting out of 
the pollen tube possibly a broken part of another cell adhered to it, and be looked 
upon this asa tail; (3) he may have taken a part of the body of the spermatozoid 
broken by pressure with the cover glass to be a tail. 


In a later paper on the same subject, Fujii (40) states that. deformed 
spermatozoids having appendages similar to that described by Hirase 
are quite frequently observed, being caused by pressure in escaping 
from the pollen tube, etc. This can often be observed in the sperma- 
tozoids in the archegonia at the time of fecundation or later. He says: 

In this case we can observe the various shapes of deformed spermatozoids, and some 
of them seem to have a tail or nipple or asmall lump atone end of the body; * * * 
hence, it is not a matter of surprise if Mr. Ikeno sketched a figure of a spermatozoid 
at the opening of the ovisac as having a tail-like appendage, and last October I 
affirmed, with the preparation made by Mr. Ikeno, that a part of the mantle of this 
spermatozoid changed and looked something like a tail. 

Since the publication of his preliminary statement that no such tail 
was found in the spermatozoid of Zama (123), the writer has care- 
fully reinvestigated this question, using again both living and prepared 
material. All the evidence which has been accumulated strengthens 
his former conclusion, and he is certain that no tail is present in the 
spermatozoid of Zama under normal conditions. As explained above, 
however, the body of the spermatozoid is highly elastic and has a more 
or less pronounced amceboid movement when swimming in a confined 
location like the interior of the pollen tube. It is easy to see that the 
instantaneous killing of the spermatozoid, when a portion of the body 
was extended, from pressure or otherwise, might result in obtaining 
preparations showing tail-like protrusions. Such deformities are 
rarely met with, however, in Zama, being evidently of much rarer 
occurrence than in Ginkgo. Ikeno’s evidence supporting the oceur- 
rence of a tail in Cycas is evidently based on a few instances of the 
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appearance of some such an organ on the posterior end of the sperma- 
tozoid after it has entered the archegonium. In passing through the - 
very narrow entrance canal between the neck cells, the spermatozoids 
have use for all possible elasticity, as they must from necessity stretch 
out into a very long, slender form in making the passage. The act of 
passage has not been observed in Zama, but the spermatozoids have 
been observed in many cases just after the passage. In one or two 
instances material has been found adhering to them which might have 
been interpreted as a tail had no other spermatozoids been observed. 
The adhering substances in these cases seemed to be from the granular 
mucilaginous matter in which the spermatozoids swim. Usually the 
spermatozoids found in the archegonia have assumed their normal 
form and show no suggestion of the extreme pressure they must have 
endured in the process of entering. 

In conjunction with Mr. E. A. Bessey* the writer has made some 
interesting observations on the living pollen tubes of Ginkgo mounted 
in 10 and 5 per cent sugar solutions. The whole pollen tube apparatus 
is clearer and much more favorable for observation in the unstained 
condition than that of Zamia. In very many tubes the main features 
of the central cell could be plainly observed. The nucleus corps 
spheriques and the blepharoplasts were plainly visible when tubes were 
cut off and placed in sugar solutions without injury. The nucleolus 
could almost invariably be observed to contain at least one large 
vacuole, and very frequently a number of smaller ones could be 
observed. In one instance a nucleus was observed in a prophase of 
division when the chromatin had collected in a skein. This was an 
absolutely fresh tube and could not be mistaken, being as plain as in 
the fixed and stained material. The nucleoplasm outside of the skein, 
which was composed of large granules and presented a dense appear- 
ance, was clear and finely granular, the only difference between the 
skein and other nucleoplasm seeming to be the larger size of the gran- 
ules in the skein and their greater density. In quite a number of cases 
the blepharoplast could be plainly distinguished, and in one instance 
shown to the writer by Mr. Bessey the contents could be seen to be 
vacuolated or reticular almost as plainly as in the fixed and stained 
material. There can thus be no doubt that the main features brought 
out by fixing and staining in Ginkgo and Zamia are perfectly normal 
and not artifacts. The study of the living material of Ginkgo, which 
should be carried much farther, promises much valuable information, 
particularly in confirming the results obtained by fixing and staining. 

Personally the writer has made no attempt to secure ‘the living and 


1T hese ohesipannee on the living Peta of Ginkgo were made on material col- 
lected by Mr. E. A. Bessey, one of the writer’s colleagues. He also made many 
interesting observations, a short account of which will be found in Science, February, 
1901. 
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moving spermatozoids of Ginkgo, but he has fortunately been able to 
observe and study some of those obtained by Mr. Bessey, and can con- 
firm the main features of the movement as described by him. The 
tail-like appendage which was described by Hirase certainly does not 
exist in the normal spermatozoids, and in the specimens observed by 
Hirase was doubtless due to compression in escaping from the pollen 
tube or some similar cause, as suggested by Fujii. The shape of the 
spermatozoids which have been observed by Mr. Bessey and the writer 
corresponds well with those figured by Hirase and Fujii. The move- 
ments of the spermatozoids of (inkgo are almost exactly the same as 
those observed by the writer in Zamia. The amceboid movement of 
the apex of the spiral is very noticeable in Ginkgo also, and the ryth- 
mic motion of the cilia, similar to that occurring in Zama, has been 
observed by Mr. Bessey. 

A very interesting observation, first made by Mr. Bessey and also 
studied by the writer, is the rythmie vibration of a portion of the 
membrane at the base of the spermatozoid corresponding with the 
vibration of the cilia. The spot is apparently just over the ‘‘ corps 
sphérique,” and may have some relation to that body. 
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While the spermatozoids have been maturing, the proximal ends of 
the pollen tubes, as described above, have been growing down through 
the tissue of the nucellus into the archegonial chamber above the arch- 
egonia. When all of the organs are developed ready for fecundation 
the pollen tubes hang down so that the ends almost or quite touch the 
neck cells of the archegonia, which protude into the same cavity. It 
is interesting to note that the pollen tubes when they enter the arche- 
gonial chamber (endosperm or prothallial cavity), which seems to be 
filled simply with moist air, do not grow at random, but bend slightly 
outward and grow directly toward the neck cells of the archegonia. 
Frequently several were observed to grow toward the same archego- 
nium. These observations can be made on living material by carefully 
cutting into the archegonial chamber at one side, without injuring the 
tubes, and observing them with a hand lens. The end of the tube is 
occupied by the spermatozoids and the vegetative cells of the male 
prothallus. It is probable that the spermatozoids normally begin 
Swimming in the tubes before the latter burst, as they have several 
times been observed swimming in the unbroken tubes. The end of 
the pollen tube is wider than the upper portion and is evidently under 
considerable tension. The protruding tip formed by the old pollen 
grain (figs. 47 and 51) is plainly visible with a hand lens, and is evi- 
dently the point which first comes in contact with the neck cells of the 
archegonium. The neck cells are also distended and turgid and are 
evidently easily broken. If in this distended condition the end of 
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the pollen tube be touched very lightly with the flat side of a scalpel 
it bursts, and the spermatozoids, together with a drop of the watery - 
contents of the pollen tube, are quickly forced out and the pollen tube 
immediately shrivels up into a shapeless mass. This the writer thinks 
is what happens in the normal course of fecundation. The pollen 
tube evidently grows down until the end is forced against the neck 
cells, when the tube bursts, discharging the mature spermatozoids and 
the watery contents of the tube, which supplies a drop of fluid in which 
the spermatozoids can swim. Some doubt exists as to whether the 
pollen tube supplies all of the fluid in the archegonial chamber at the 
time of fecundation or whether some of it is extruded by the egg cell. 

Hirase (62, p. 122) described the occurrence of a sap filling the 
archegonial chamber at the time of fecundation, and considered that 
it was very probably a product of the female organ. No evidence is 
given, however, to show that this is the case. Ikeno (70, p. 583) also 
thinks that the fluid is largely a product of the female organ. He 
Says: 

T have often met with cases in Cycas in which fluid was already present, in spite of the 
fact that all pollen tubes were yet entirely intact; so that we are led to the conclusion 
that at least a part of this fluid—probably the larger part—proceeds from the female 
organ. 

Tf Ikeno was not mistaken in his observation, he is certainly correct 
in claiming that the female organ furnishes part of the fluid. In 
Zamia, however, the writer has frequently observed that the numer- 
ous pollen tubes are in various stages of development. One tube may 
have the spermatozoids swimming about in it, while in an adjoining 
tube the central cell has not yet completed its division. When a tube 
has burst and dicharged its spermatozoids it shrivels into an unrecogniz- 
able, small, and almost indiscernible mass. Tubes in an advanced stage 
may burst and leave a liquid in the archegonial chamber, while other 
tubes remain entire. In Zama a portion of the fluid is certainly fur- 
nished by the pollen tube. Whether. any of it is furnished by the 
female apparatus the writer has been unable to positively determine. 
It may be so, but the neck cells remain turgid and fresh up to the very 
time of fecundation, and no indication of the beginning of the exuda- 
tion of a fluid has been observed, though it would seem that an abun- 
dant opportunity has been furnished for observing such an exudation 
if it occurs. 

The writer has several times observed the spermatozoids after they 
were discharged over the archegonia, but studying them in this posi- 
tion is unsatisfactory and difficult. They have been observed to swim 


1Ich habe bei Cycas oft Fille angetroffen, in denen eine Menge Saft schon in der 
Endospermhohle vorhanden war, wenn auch alle Pollenschliuche noch ganz intact 
waren, so dass wir zu der Annahme gefiihrt werden, dass wenigstens ein Theil dieses 
Saftes—wahrscheinlich der grésste Theil—aus dem weiblichen Organe herstammt. 
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to the neck cells and stop over these and continue to gradually revolve 
around and around, apparently in the process of crowding into the egg 
cell. In fecundation the entire spermatozoid unchanged swims into 
the egg cell, passing between the ruptured neck cells. The entrance 
tube is very narrow compared with the size of the spermatozoid, and 
the latter must be greatly stretched out in accomplishing the passage. 
It is certain that they pass through into the egg cell entire, as they 
have in many instances been found in the egg cell having their normal 
shape. Several spermatozoids commonly enter each egg cell, two and 
three having been found in very many instances. Only one of these 
takes part in fecundation, and the others may be found presenting a 
perfectly normal appearance or in some stage of disintegration. ‘Those 
not concerned in fecundation may usually be found in the upper part of 
the egg cell between the wall and the cytoplasm, which is slightly con- 
tracted away from the wallin the majority of the writer’s preparations. 
In some instances they seem to have crowded against the cytoplasm 
of the egg and caused a noticeable indentation (figs. 55 and 70). Occa- 
sionally one of the spermatozoids not concerned in fecundation pushes 
for a short distance into the contents of the egg cell, but such sperma- 
tozoids do not mingle with the protoplasm of the egg cell, as they 
are always found in such cases to form distinct bodies, which stain 
very differently and remain intact until’ long after fecundation has 
taken place. The spermatozoid which reaches the egg cell first would 
seem to be the one which causes fecundation. That one which is 
utilized in fecundation swims into the cytoplasm of the egg cell for a 
short distance, where it comes to rest and undergoes change. The 
nucleus slips out of its cytoplasmic sheath and passes on alone from 
this point to the egg nucleus, with which it unites. The spiral cilifer- 
ous band, which forms such an interesting part of the spermatozoid, 
remains at the apex of the egg cell in the place where the nucleus left 
it. In very numerous instances just after fecundation it has been dis- 
covered in this position, and there can be no doubt that this process is 
the one normally occurring. It shows very plainly and presents nearly 
the original form of the spermatozoid, but isalwaysstretched out much 
more than in the normal spermatozoid. The band lies free in the 
cytoplasm of the egg cell, and the sections of the spiral, with the num- 
erous cilia radiating from them, are frequently very distinct and can 
be easily photographed (fig. 69). 

The method of the escape of the nucleus from the body of the sper- 
matozoid can only be conjectured. It would seem, however, that the 
rapid boring of the apical or spiral end into the egg cell may cause too 
great a pressure on the large body of the spermatozoid, resulting in 
its bursting and freeing the nucleus, while the cilia motion continues 
probably some time longer, carrying the band farther along and freeing 
the nucleus from any hindrance by it. The apex or spiral end of the 
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sp rmatozoid invariably enters the egg cell first, and in all of the cases 
observed where the nucleus has just escaped from the spermatozoid it_ 
has heen found a short distance behind the spiral of the spermatozoid, 
as if \t had been forced out and left behind (fig. 54). The function of 
the cytoplasm of the spermatozoid is still in considerable doubt, but 
that it fuses with the cytoplasm of the egg cell is certain. Shortly 
after the nucleus has broken out of the spermatozoid cell the thin 
layer of dense cytoplasm which surrounded it can be seen in a broken, 
fragmentary form, still somewhat connected with the spiral band 
(fig. 57). The cytoplasm of the spermatozoid in this stage is very 
different from that of the egg cell, being more densely granular and 
staining more deeply, so that it is easily distinguished. Later only a 
rather coarse granular substance is found inside of the spiral coil of 
the ciliferous band, and it would seem that this is the cytoplasmic 
matter from the spermatozoid which has mingled with that of the egg 
cell. It should be mentioned that the plasma membrane surrounding 
the spermatozoid has entirely disappeared, no trace of it being visible. 
It would seem to have fused with some substance of the egg cell or to 
have been absorbed in some way. 

No case of polyspermy has been observed in the specimens examined, 
In no instance has more than one empty spiral been found in the same 
egg cell. Where an empty spiral was found it could be predicted that 
the egg nucleus would be found to have been fecundated; and, vice 
versa, when a fecundated egg nucleus was found it could be predicted 
that an empty spiral ciliferous band would be found at the apex of the 
cell. No exception to this rule was observed in the very large number 
of specimens examined. 

The male nucleus, when it has escaped from the spermatozoid and 
is observed lying in the cytoplasm at the apex of the egg cell, is of 
loose, open structure, seeming to have but little kinoplasmic and 
chromatin matter. The passage to the nucleus is evidently a rapid 
one, as few stages have been found between the above and the comple- 
tion of fecundation. In some instances the path over which the nucleus 
traveled in reaching the egg cell is discernible by the arrangement of 
the granules in the cytoplasm, showing the direction of the passage 
(figs. 55 and 56). 


The egg nucleus previous to fecundation is elliptical and is located 
slightly below the center of the enormous egg cell, which is about 
3mm. long by 1.5 mm. wide. The ege nucleus is of enormous size, 
comparatively, being plainly visible to the unaided eye. It is com- 
posed of an open, coarse reticulum (fig. 54). So far as the writer has 
observed, there is no depression or ‘* empfiingnisshéhle” in the upper 
part of the nucleus where the sperm nucleus enters, as was found by 
Ikeno in Cycas (70, p. 585). No special attention has been given to 
this matter, however, and further observation may show it to be pres- 
ent. The male nucleus in entering the egg nucleus gradually pushes_ 
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into it, as observed by Ikeno in C ycas, and finally becomes entirely 
surrounded by it. Meanwhile it has changed its structure and become 
densely granular, differing markedly from the egg nucleus in this 
particular. Considerable search has been made for indications of 
extrusions of matter from the sperm or egg nucleus at the time of 
fecundation, such as has been described by Ikeno in Cycas (70, p. 587). 
No indications of such extrusions have been found. however. After 
fecundation is apparently completed, the male nucleus appears as a 
small, nearly round body in the upper portion of the egg nucleus into 
which it has penetrated. The further changes in the male and female 
nuclei before they undergo division have not been followed. 

The isolated ciliferous band lying free in the protoplasm at the apex 
of the egg cell evidently retains its identity for a considerable time. 
It has been observed in several instances after the formation of many 
free nuclei by the repeated divisions of the oosphere. Frequently the 
spindles of some of these free nuclei in division have been observed 
between its spirals. The band ultimately disappears, its substances 
probably being consumed by the forming embryo. The primary fune- 
tion of the ciliferous band thus certainly ends with the transporting of 
the male germ cell from the pollen tube to the egg cell, as was first 
shown by the writer in October, 1897 (124). The same process of 
fecundation was later described by Ikens as occurring in Cycas (69). 
The exceptional size of the spermatozoids and egg cell in Zamia per- 
mits these features to be seen very plainly. While in the majority of 
plants in which the entrance of the spermatozoids has been studied, 
they are so small that thus far the fate of the cilia and cytoplasm, 
which are not generally supposed to be concerned in fecundation, 
has not been determined with very great certainty. In Fucus Stras- 
burger (111, p. 363) has concluded, judging mainly from comparative 
size, that shortly after the entrance of the spermatozoid its cytoplasm 
unites with that of the egg cell and only the nucleus continues its 
passage and unites with the ege nucleus. Shaw’s studies of the 
fertilization of Onoclea (103) indicate that in fecundation the cyto- 
plasm and cilia-bearing band remain in the cytoplasm of the egg cell, 
but this was unfortunately not definitely determined. It is interest- 
ing to note further in this connection that the spermatozoid nucleus in 
Onoclea unites with the egg nucleus without any change of form. 
Thom’s study of the process of fertilization in Aspidium and Adian- 
‘wm {115) is also very interesting in this connection. It would seem 
from Thom’s investigations that commonly the entire spermatozoid 
enters the egg nucleus, although this is not made plain, as it is stated 
that ‘tthe cytoplasmic forward end contains. or is partially derived 
from, the so-called blepharoplast, and bears numerous long cilia. This 
part either becomes disconnected entirely before the spermatozoid 
reaches the egg, or, becoming functionless. is turned backward and 
dragged passively along into the cytoplasm of the egg.” 
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This would seem to confirm the writer’s statement that the blephar- 
oplast is an organ developed primarily for the transportation of the 
male nucleus, but the discrepancy between the question of fusion of 
cell parts is very noticeable. In Zamia and Cycas the entire sperma- 
tozoid invariably enters the egg cell and the cytoplasm and ciliferous 
band (blepharoplast).fuse with the cytoplasm of the egg, while the 
nucleus journeys on to the egg nucleus, with which it fuses. A num- 
ber of investigators, the writer has noticed, seem to conclude that 
because the nucleus of the spermatozoid travels on alone and fuses with 
the egg nucleus the nucleus alone is concerned in fecundation. It may 
be that the nucleus is the sole bearer of hereditary tendencies and that 
this is the important part of fecundation. The fact remains, however, 
that in Zamia and Cycas and those cases of fecundation that are best 
known there is a fusion of cells, nucleus with nucleus and cytoplasm 
with cytoplasm, as would be naturally expected. We could hardly 
expect the entire spermatozoid nucleus and cytoplasm to fuse with the 
egg nucleus. It would seem as though the cytoplasmic envelope fig- 
ured by Thom, as left by the spermatozoid in the cytoplasm of the 
ege cellafter the nucleus has escaped, must contain the ciliferous band, 
if, indeed, it is not made up almost entirely of the band. From analogy 
with Zamia and Cycas this would immediately be supposed to be the 
ciliferous band of the spermatozoid, the nucleus having united with the 
egg nucleus and the cytoplasm with the egg cytoplasm. 

In the Gymnosperms, according to Blackman, Murrill, and others, 
it is an entire cell that takes part in the fecundation, but no blepharo- 
plast is here present. Dixon (27) was the first to observe in Prius 
sylvestris that all four nuclei from the pollen tube—the two generative 
nuclei, the pollen tube nucleus, and the nucleus of the stalk cell— 
passed over into the egg cell in fecundation. Blackman (16) confirmed 
this conclusion in his study of 2/nus sylvestris, and further stated that 
‘‘it can not be doubted that cytoplasm also passes over into the 
oosphere, for each generative nucleus in the pollen tube is clearly 
surrounded by its own layer of cytoplasm, as can be observed in the 
stage when the tube is clearly in contact with the oosphere.” Murrill, 
in his study of 7suga canadensis (91), claims that the contents of the 
pollen tube ‘‘cast into the egg consists of two sperm cells, the stalk 
cell, the vegetative nucleus, and some protoplasm and starch from 
the tube cavity.” The sperm cells are described as having dense 
cytoplasmic contents and large nucleus. The process of fecundation 
described by Murrill compares exactly with what the writer had pre- 
viously described in Zama (124) and what Ikeno found in Cycas 
(70). Murrill says: 

It is through the first sperm nucleus that fertilization is accomplished. <A short 
time after its entrance into the egg it slips from its cell and moves with accelerated 


velocity toward the egg nucleus, the latter remaining stationary and inactive. 
%* * * 
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In the case of the spermatophyvtes also some recent investigators 
are claiming that the male germs which pass over into the ego cell 
are true cells and not simply nuclei. The discovery of the spermato- 
zoids of Ginkgo, Cycas, and Zamia, and the demonstration of the 
action of these enormous spermatozoids in fecundation, has had much 
to do in clearing up our ideas of fecundation, as it was in Zamia and 
Cycas, where for the first time it was positively shown in plants 
that an entire male cell entered the egg and the cytoplasm fused with 
the cytoplasm of the egg cell, while the nucleus traveled on. and fused 
with the ege nucleus. 

At the time of fecundation in Zamia, before the formation of the 
primary spindle has begun, so far as can be told, a very peculiar con- 
dition of the cytoplasm is observed throughout the enormous ege cell, 
The entire kinoplasm of the cell Seems to collect in little comet-like 
figures here and there throughout the cell, presenting a most remark- 
able appearance (fig. 69). This condition is observed in sections stained 
by both the F lemming and the Haidenhein methods. Sections showing 
this polarized condition of the kinoplasm were exhibited at the meet- 
ing of the British Association for the Advancement of Science, at 
Toronto, Canada, in 1897. and excited interesting comments. The 
kinoplasmic rays here seem to run together at one point, but there 
is no differentiated body occupying this point upon which they are 
focused. There seems to he no regular direction in which the rays 
extend. They are here and there and all over, throughout the egg 
cell, without any regularity. They can not come from the broken- 
down ciliferous membrane, as it still remains pertectly intact at the 
apex of the ege cell, They can not be fragments of the spindlé 
resulting from the division of the ‘anal cell, for they are never 
observed previous to fecundation. Chamberlain (Zils pe 27'r, figs. 8 
and 32) illustrates cytoplasmic comet-like figures in the egg cell of 
Pinus larico much like those which the writer has found in LUMI, 
but he thinks them to be broken-up portions of the spindle formed in 
the cutting off of the ventral] canal cell. This the writer thinks is cer- 
tainly not their origin in Zamia. Their function also remains in 
doubt, but it would seem probable that they have some important 
function in the formation of the first seomentation spindle, 
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In establishing the complete history and nature of the blepharoplast 
it is of special interest to determine whether it-has any important 
function in the division of the fecundated egg cell. If it isa centro- 
some, as claimed by some writers, does it function as a centrosome in 
the segmentation of the egg? It seems to have been established that 
in Many animals the Spermatozoid brings in the centrosome which 
forms the amphiaster for the first division, but this has not yet been 
proved in the case of any plant. That the blepharoplast or the cilia- 
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forming organ enters the egg and remains in the cytoplasm in Zama 
and Cycas is certain and not open to any question. 

The writer has endeavored by diligent search to observe the forma- 
tion of the first segmentation spindle, but thus far has been unable to 
succeed. However, he has been able to observe the spindle in the 
second division which leads to the formation of four daughter nuclei. 
Here the spindle is of normal form, but rather drawn out at the poles. 
No differentiated body can be observed at the poles of the spindle which 
could be considered a centrosome. In the later divisions also very many 
dividing nuclei in various stages have been carefully studied, but with- 
out success. In no case of dividing nuclei in the early cleavage divi- 
sions before the seed matures has any centrosome been observed. This 
statement corresponds entirely with the writer’s earlier conclusions 
reached in 1897 (124). In the case of Ginkgo and Cycas also, accord- 
ing to the researches of Hirase and Ikeno, no centrosomes or centro- 
spheres could be found in the early divisions of the egg nucleus. 

Aside from this very conclusive evidence that the blepharoplast 
brought in by the spermatozoid does not form a centrosome which 
takes part in the formation of the first segmentation spindle, the con- 
clusion is indubitably established furthermore by the fact that the 
ciliferous band remains intact at the apex of the egg cell for some time 
following the division of the egg nucleus. It has been observed 
unbroken after at least five or six divisions when the daughter nuclei 
had become spread here and there in the egg cell. In several 
instances nuclei resulting from the division of the egg nucleus have 
been found occupying a position between the spirals of the ciliferous 
band. This was very puzzling when first discovered before the 
development was understood. 

The division of the egg nucleus results in a decided reduction in the 
size of the nuclei until they are reduced from the tremendous size of 
the egg nucleus, which is visible to the unaided eye, to rather small 
nuclei not above an ordinary size. The first two or three divisions 
take place while the nuclei remain grouped together in the center of 
the egg cell in the position of the original ege nucleus; after this the 
nuclei become gradually scattered throughout the egg cell and finally, 
in the first stage of the organization of the embryo, form a layer of 
cells around the periphery of the egg cell. The history of the forma- 
tion and development of the embryo, however, has no place in the 
present memoir. The writer will discuss this matter at some future 
time in another place. 


IS THE BLEPHAROPLAST A CENTROSOME? 


The feature of most interest in this investigation is the question 
regarding the true nature of the blepharoplasts or cilia-forming organs 
of the spermatids. When these organs were first observed in Ginkgo 
by Hirase in 1894 (57) he referred to them as attractive spheres, as 
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would naturally be done by anyone unfamiliar with their complete 
history. The next reference to them in literature occurs in the writer’s 
first preliminary paper published in June, 1897 (122), in which their 
centrosome nature is questioned. In the writer’s third preliminary 
paper, which appeared in October, 1897 (124), it was shown for the 
first time that the bodies in question originate de novo in the cyto- 
plasm of the central cell, apparently having no important functions 
in the formation of the spindle, when this cell divides to form the sper- 
matids, and after it has served its function in forming the cilia of the 
spermatozoid it disintegrates at the apex of the egg cell, apparently 
having no further function. For these reasons it was concluded that 
the organs were not centrosomes proper, and they were termed d/e- 
pharoplasts, because of their special function as cilia-formers. This 
immediately led to controversy, and the question is still unsettled. 
Early in 1898 Ikeno (69, p. 17) stated unreservedly that the centro- 
some-like body in Cyeads and Ginkgo is a true centrosome. He said: 

{f we apply this conclusion of Hermann to our case, then it is quite clear that 
the body in question, which corresponds to the middle piece in serving as the cilia- 
bearing thread, is not only similar exteriorly to a centrosome, but is a true centro- 
some, and that the cilia-bearing thread is to be regarded as an enormously enlarged 
centrosome.! : 

This opinion is further emphasized by Ikeno in his complete mono- 
graph on the fecundation of Cycas revoluta (70). Hirase, in his study 
of Ginkgo and the attractive spheres formed in the spermatogenous 
cells, also concludes that they are to be considered as centrosomes, 
though, as shown by his figure 18 (61, pl. 8), they remain distinct from 
the spindle, the radiations around the sphere not connecting with the 
radiations around the pole of the spindle in the center of which a 
centrosome should be located, if present. Hirase says, furthermore: 

The attractive spheres which we have just described are different from those made 
known by many scientists heretofore. In the first place, they differ in that they are 
always ata certain distance from the poles of the spindle, and in the second place that 
in the course of karyokinesis they do not divide into two daughter spheres.” 

Guignard also takes the same ground, considering the writer's 
researches on Zaniia as proof of the existence of centrosomes in seed 
plants. He says: 

Even though all earlier observations upon the presence of attractive spheres and 
centrosomes in different Cormophytes may be regarded as inexact, one can not doubt 


that the bodies recently described and figured by Webber in the pollen cells of 
Zamia * * * are centrosomes (48, p. 161). 


‘Uebertrigt man diese Hermannische Folgerung auf unseren Fall, so ist es ohne 
Weiteres klar, dass der in Rede stehende Kérper, welcher sich zum Mittelstiick 
entsprechenden cilientragenden Faden ausdehnt, nicht nur jiusserlich einem Centro- 
som aihnlich, sondern ein wahres Centrosom ist, und dass der cilientragende Faden 
als ein enorm herangewachsenes Centrosom zu deuten ist. 

? Les spheres attractive que nous venons de décrire sont différentes de celles signalées 
jusqu’a ce jour par plusieurs savants, en premier lieu, en ce qu’elles sont toujours 
a une certaine distance des pdles du fuseau, et en second lieu en ce qu’au cours de la 
karyokineése elles ne se divisent pas en deux spheres-filles. 
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Balajeff also, in his recent researches on J/ars//ia, concludes that the 
blepharoplast must, from its position and relation to the achromatic- 
spindle, be considered a centrosome. He says: 

In this manner the stainable corpuscles possess all the peculiarities characteristic of 
the centrosomes, not only as a result of their position at the poles of the spindle, 
but also through their relation to the achromatic threads.? 

Practically the same conclusion in regard to the homologies of the 
blepharoplast is reached also by Chamberlain, who states it thus: 

It seems probable that a thorough investigation of karyokinesis and the formation 
of cilia in the lower plants may support the theory that the blepharoplast is a cen- 
trosome (20, p. 434). 

E. B. Wilson also regards the blepharoplast as the homologue of a 
centrosome or centrosphere. He says: 

The later studies of Shaw (102) and Belajeff (14, p. 199) on the blepharoplasts in 
Onoclea and Marsilia leave no doubt that these bodies are to be identified with centro- 
somes (130, p. 175). ‘ 

The writer in his studies has not been blind to the fact that the 
bodies in question resembled the centrosomes or centrospheres which 
have been described by some authors, both in external appearance and 
function. Our idea of the centrosome as a permanent sw generis 
organ of the cell, having as its prime function the governing and con- 
trolling of cell division, has become so modified in the last few years 
that it is hardly possible to define what constitutes a centrosome. — It 
seemed to the writer that it was high time that organs resembling a 
centrosome which could be proven to have very definite and distinct 
functions from the centrosome as ordinarily understood should be 
given distinct names, whether or not they can ultimately be traced — 
back and found to be homologous organs. We do not call the sup- 
porting tendril of the Virginia creeper a leaf, nor the leaf a tendril, 
yet they are clearly homologous organs. It was from this standpoint 
that the writer was willing to brave the odium of introducing another 
new term to our already crowded vocabulary. The blepharoplast, it 
is true, may ultimately be proved to be the homologue of a centrosome, 
and the writer forcibly called attention to this possibility at the Ithaca 
meeting of the American Society for Plant Morphology and Physi- 
ology, held in December, 1898. Even if this were true, however, 
which the writer is still inclined to doubt, it would nevertheless be 
necessary to have a distinguishing term, as the organ has now assumed 
a specialized function different from the original. The writer’s view 
that the blepharoplast is probably a distinct organ from the centro- 
some has received the support of Shaw (102), Mottier (89), Strasburger 


‘Auf diese Weise besitzen die fiirbbaren Kérperchen nicht nur in Folge ihrer Lage 
an den Polen der Kernspindel, sondern auch durch ihre Beziehungen zu den achro- 
matischen Fiden alle Eigenthiimlichkeiten, welche den Centrosomen charakteris- 
tisch sind, sie missen daher als solehe betrachtet werden (14, p. 202). 
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(112, p. 185 ef seg.), and Studnicka (115), whose conclusions will be 
mentioned in some detail later on. Before stating these, however, it 
will be well to compare the blepharoplasts of the Cycads, Ginkgo, and 
ferns with some of the cases of typical centrosomes and centrospheres. 
An exhaustive comparison would extend this paper beyond its desired 
limits and would be of questionable value, because the centrosome 
question as a whole is in too great confusion to allow any final conclu- 
sion to be reached. 

One of the most typical cases of centrosomes in plants is that 
described by Swingle in 1897 as occurring in Stypocaulon (114). Here 
aminute, deeply staining, dumb-bell-shaped body occurs at the pole of 
the spindle in karyokinesis, which at the close of division divides into 
two. Both of these remain in close connection with the nuclear mem- 
brane, but travel in opposite directions until they come to lie at oppo- 
site points on the equator of the nucleus. They are always surrounded 
by rays of kinoplasm, which become very abundant during spindle 
formation and division and are not surrounded by any differentiated 
sphere of any sort, as so commonly occurs in the centrosomes of 
animals. In spindle formation the centrosome appears to be of prime 
importance, a bundle of fibers starting from each centrosome and 
gradually extending into the nucleus until the spindle is completely 
formed. Swingle’s studies were made with growing vegetative tips, 
which would indicate that the centrosome here is probably a perma- 
nent organ in all stages of growth. Centrosomes of almost exactly 
the form of.those of Stypocaulon have been described by Strasburger 
(111) in weus. A very distinct deeply staining centrosome is described, 
which he believes to be a permanent organ of the cell, reproducing by 
division at the end of each nuclear division, thus forming two which 
control the next division. The observations of Farmer and Williams 
(87) are also of interest in this connection. They describe very marked . 
centrospheres at the poles of the spindle of /weus, in which an irregular 
number of granules, possibly representing centrosomes, can be observed. 
The number and general character of these granules is not uniform 
and the writers do not attach any significance to them. The centro- 
spheres could not be traced through the resting cell, and are apparently 
originated de novo at each period of nuclear division. The relation of 
the centrospheres to spindle formation was not traced out in detail, 
but its connection with the mature spindle and later stages of division 
is unmistakable. In fecundation no visible centrosphere is brought 
into the egg by the spermatozoid, and Farmer and Williams find no 
support for the statement of Strasburger that an apparent connection 
‘an be traced between the position of the two centrospheres of the 
dividing egg and the limits of the portion of the oospore nucleus which 
belonged to the sperm. The connection of the centrosphere with 
cilia formation in the spermatozoids of /wcws has not been traced out, 
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but it is certain that the centrospheres occur here before and after 
fecundation in connection with spindle formation and karyokinesis, 
and are not simply cilia-forming organs of the spermatozoids, if 
indeed they can be in any way identified with such a function. 

In Dictyota, also, Mottier (89 and 90) has demonstrated the occurrence 
of centrosomes similar to those described in Stypocaulon by Swingle, 
and in /ucus by Strasburger. They are small, deeply staining bodies, 
located in the center of a large aster, and are apparently permanent 
organs of the cell, reproducing by division during the reconstruction 
of the daughter nucleus. The centrosomes here also are intimately 
connected with spindle formation, as in the case of Stypocaulon, the 
fibers growing into the nucleus from each centrosome in forming the 
spindle. In the above three cases, Stypocaulon, Fucus, and Dictyota, 
there is a great uniformity of the centrosomes and their action and 
appearance, and they are by all means the best worked out, most defi- 
nite, and positive cases of centrosomes known to occur in plants, though 
Many other cases of centrosomes and centrospheres, ete., have been 
described. To these the blepharoplasts of Zam/a have only a very 
indistinct resemblance in being located at the center of a group of 
radiations. In all essential features they are totally distinct. 

Tn the division of the tetrospore of Dasya Davis (25) has described 
the occurrence of a body at the pole of the spindle which is supposed 
to be a centrosome or centrosphere which in one stage is broken up 
into a mass of granules, in this regard resembling the blepharoplasts 
of Zamia. In other ways and in function they are apparently very 
distinct organs from the blepharoplasts. 

In the fungi several cases of well-authenticated centrosomes or cen- 
trospheres have been described, but all of them are very distinct from 
the blepharoplasts of Zam/aand the Cyeads. In the nuclear division in 
the ascus of Hrysiphe Harper, ina brilliant contribution, has deseribed 
the presence of a centrosphere which takes part in the formation 
of the plasma membrane of the spore. In the nucleus just previous to 
division, the centrosphere forms a flattened disk attached to the nuclear 
membrane. Later this disk becomes surrounded with numerous radia- 
tions. The division of the centrosphere has not been observed here, 
but stages slightly before the division, when the two daughter centro- 
spheres are still near together, are figured by Harper (51, p. 251, figs. 
4,5, and 6). The centrosphere here would seem to be a permanent 
organ of the cell, increasing by division, but this is yet uncertain. Its 
connection with spindle formation is plainly evident, the fibers grow- 
ing into the nucleus from it toward the chromosomes and finally form- 
ing the spindle. In spore formation in the ascus the centrosphere was 
found by Harper to have the novel function of forming the plasma 
membrane delimiting the spore in the ascus, a method of free cell for- 
mation which has been observed in no other place, so far as the writer 
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is informed. This is accompanied by a neck extending out from the 
nucleus at the point where the centrosphere is located, the centrosphere 
being extended away from the main body of the nucleus farther into 
the cytoplasm. When this neck or beak has reached its definitive 
length the kinoplasmiec rays all bend downward and come to lie ina 
plane parallel to the nuclear wall and fuse together, forming a bell- 
shaped membrane surrounding the nucleus, with the centrosome form- 
ing its apex. By the growth of this membrane the nucleus is finally 
entirely surrounded, together with a portion of the cytoplasm of the 
original ascus, and the ascospore delimited. The same process of 
free cell formation in the delimiting of spores in the ascus has also 
been carefully described by Harper as occurring in Zachnea and is 
probably a common method of spore formation in asci. The extension 
of the beak from the nucleus which remains in connection with the cen- 
trosphere while the kinoplasmic rays from the latter fuse together and 
form the plasma membrane delimiting the ascospore, is similar to the 
beak from the nucleus of Ginkgo and Cycas which Hirase (62) and 
Ikeno (70) have found to remain in connection with the blepharoplast 
while it is extending in length and forming the cilia of the spermato- 
zoid. This beak connection also recalls the beak of the nucleus which 
extends out to the Mundstelle on the plasma membrane of the cell in 
the formation of the cilia of the swarm spore of Viaucheria as described 
by Strasburger (112, p. 188). That there is an analogous relation 
between the nucleus and the centrosphere, blepharoplast, and J/wnd- 
stelle, respectively, in the three cases can not be questioned. 

In the Hepatice centrospheres have been described by Farmer (33) 
as occurring during spore formation. They form the center of a series 
of radiations, and do not become visible until the radiations are fairly 
well developed. The center of the system of radiations was not always 
occupied by a single granule or centrosome; often several distinct 
granules were visible, forming a microcentrum in the Heidenhain 
sense. The centrospheres disappear at the close of the division, and 
before each division are apparently originated de novo in the cytoplasm 
of the cell in close relation to the nuclei. The interesting feature in 
connection with the centrosomes here and the blepharoplasts in Zaiéa 
is that they are supposed to originate de novo in the cytoplasm of the 
cell. Studies of spermatogenous cells of the Hepatic: would doubt- 
less prove of special interest, as a genuine centrosome being present 
in the divisions during spore formation may also be expected to occur 
in these divisions as well. 

The cases of centrosomes among higher plants, or spermatophytes, 
are all as yet open to some degree of doubt. Various authors have 
claimed to have found special granules at the poles of the spindle, and 
that this is the case can hardly be questioned. In the divisions lead- 
ing to the formation of the pollen in Vymphaa, Nuphar, and Liino- 
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dorum, Guignard (49) describes the occurrence of definite granules at 
the poles of the spindle which seem to be similar to centrosomes. He 
claims that the occurrence of multipolar spindles can not be taken as 
evidence of the nonoccurrence of centrosomes, as the multipolar spindle 
in which a definite granule may occur at each pole evidently later 
becomes bipolar by the various polar ends of the spindle swinging 
around together and uniting in such a manner as to form a normal 
bipolar spindle. Schaffner also claims to have found bodies which he 
calls centrosomes at the pole of the spindle in Sagittarza (99), and in 
root tips of Al/Zwn cepa (100). Fullmer also claims to have found cen- 
trosomes in the seedlings of Pinus larico and P. sylvestris (41). Even 
considering the claims of Guignard, Schaffner, and Fullmer for the 
presence of a centrosome in certain Spermatophytes, their occurrence 
is still a question of grave doubt. The very careful and complete 
researches of Osterhout (94), Mottier (87, 88, etc.), and many others, 
where no indication of a centrosome has been found, throw a doubt 
on the matter, and their presence must be confirmed by other investi- 
gators in those plants where they are said to occur before their normal 
and regular occurrence can be credited. They must be of such a 
nature that they can be demonstrated to occur in the same species of 
plant in the same stage of development by various investigators. If 
we are to recognize evanescent bodies as the homologues of centro- 
somes, our whole idea of the importance and nature of these organs 
must change. 

Our conception of the centrosphere and centrosome is continually 
changing. The original idea of Boveri (17) that the centrosome is ‘‘a 
distinct, permanent cell organ, which, increases by division and sup- 
plies the dynamic centers for the succeeding cell formations,”? has 
been greatly modified by the extensive researches of recent years. 
It is no longer looked upon as a necessary cell organ reproducing itself 
by division, a number of instances being known where they are formed 
de novo in the cell. Various forms are also known, so numerous that 
there seems to be almost no correspondence between them; still there 
are certain morphological characteristics and certain functions which 
may be said to be common to all centrosomes. The centrosome or 
centrosphere, in its typical sense, as the writer understands it, is an 
organ of the cell, with the following attributes: (1) It is located in the 
center of an aster, at the pole of the spindle during division; (2) it has, 
as its special function—the formation of the spindle and the control 
of the division; (3) it occurs usually, at least, in the division of sexual 
and embryonic cells. 

In regard to the first of these propositions the writer is not aware 


1“ Win der entstehenden Zelle in der Kinzahl zuakommendes distinktes dauerndes 
Zellenorgan, das, durch zweitheilung sich yermehrend, die dynamischen Centren 
fiir die Entstehung der niichst zu bildenden Zellen liefert’’ (17, p. 60). 
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that any cell organ, which never forms the center of an aster at the 
pole of the spindle, has been considered by any investigator as the 
homologue of a centrosome. An exception, of course, must be made 
in the case of the blepharoplasts of Zamia, Cycas, and Ginkgo, which 
are under discussion, if we accept the statement that they are at the 
poles of the spindle. The blepharoplasts of J/arsilia, according to 
Belajeff’s investigations, are located at the pole of the spindle, but, 
judging from his figures, they are not located in the center of an 
aster. 

In regard to the second proposition, it may be stated that in all of the 
well-worked-out cases in plants where centrosomes or centrospheres 
oceur, as in Sphacelaria, Dictyota, Fucus, Hepatic, ete.. the centro- 
some is of prime importance in spindle formation. There are, of course, 
eases which have not been thoroughly studied where this is not known 
to be the case. While this statement would hold true in general with 
animal cells, the writer is not sufficiently familiar with the literature 
to discuss the possible exceptions. 

As to the third proposition there is a very great difference in differ- 
ent cases. The original idea of Boveri that the centrosome is a neces- 
sary and permanent sw/ gener/s organ of the cell, passing from cell to 
cell in division, has probably been abandoned by all investigators of 
the present day. It is claimed in various plants and animals to origi- 
nate de novo in the cell, or at least become visible only at certain stages 
and in certain tissues. However, in all cases of genuine centrosomes 
known to the writer, they occur regularly in the cell divisions of cer- 
tain tissues and seem to be mainly concerned with the spindle forma- 
tion and division, having this as their prime if not sole and only function. 

Considered in comparison with the above-described attributes of a 
centrosome, the blepharoplasts of Zama, Cycas, and Ginkgo would 
seem to be'very distinct organs. In Zama the blepharoplast is located 
in the center of a very noteworthy aster, but when the spindle is 
formed there is found to be no connection between this and the 
blepharoplasts, which are located some distance outside the pole of the 
spindle. The same feature is very noticeable in ( lycas, judging from 
Ikeno’s figures 25a and 25b (70), andin Ginkgo, judging from Hirase’s 
figures 18 and 19 (62). 

The blepharoplast of Zamiéa has no discernible part in spindle forma- 
tion, and it is certainly not a spindle-forming and division-directing 
organ. In no stage of the division have the spindle fibers any connec- 
tion with it. The same can be said of Cycas and Ginkgo, so far as 
can be told by the investigations of Ikeno and Hirase. In Ginkgo in 
particular Hirase (62, fig. 18) figures an aster at the pole of the spindle 
inside of which a centrosome Should be located, if present. The 
blepharoplast with its radiations, however, is located in the cytoplasm 
outside of this, the rays having apparently no connection. 
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In Marsilia the matter is more doubtful. Belajeff investigated the 
spermatogenesis of Mars///a particularly to determine the relationship 
of the blepharoplast to spindle formation, and he describes it as occur- 
ring at the pole of the spindle, thus fulfilling the requirement of posi- 
tion for a centrosome. Figures are given illustrating numerous 
spindle fibers extending from the nucleus to the blepharoplast, in the 
early stage of spindle formation, before the nuclear membrane has 
disappeared. It must be admitted that if these figures are directly 
translated in the light of previous knowledge of the centrosome ques- 
tion we can hardly escape the conclusion that the bodies must serve 
the purpose of a genuine centrosome in spindle formation, no matter 
what their later function may be. It seems surprising, however, that 
no radiations extend out from the blepharoplast into the cytoplasm on 
other sides than toward the nucleus when the spindle fibers would 
appear from the figures to be so plainly visible. The centrosome 
usually forms the center of an aster, the ravs of which extend out in 
all directions. Yet judging from Belajeff’s figures there is no indica- 
tion of such radiations in JMJarsilia. It would seem possible that in 
Marsilia the blepharoplast may be independent of the spindle, though 
occupying a position near the meeting point of the converging spindle 
fibers. Such a body being present in the cell and normally in close 
proximity to the pole of the spindle, it is not surprising that it might 
appear in some instance to be nearly related to the spindle. Stras- 
burger (112, p. 198) says that the blepharoplast is: active kinoplasm, 
and that its collection at the pole of the spindle in spermatogenous 
cells of Jlarsilia does not signify particularly as to its relation to the 
spindle threads. 

The writer is well aware that the great majority of investigators 
would consider Belajeff’s figures and investigations as conclusive evi- 
dence of the centrosome nature of the blepharoplast, and the views of 
this brilliant investigator must meet with careful consideration. The 
matter is far from settled, however. In the light of Strasburger’s 
investigations on swarm-spore formation and the origin of the cilia in 
these organs from a blepharoplast, the independent nature of the 
blepharoplast can not be set aside without further light on the spindle 
formation in Marsilia. 

In regard to the occurrence of the blepharoplasts of Zaméa it may 
be said that they are of very limited duration, occurring only in the 
central cell, where they originate de novo, and enduring through the 
division of this and the formation of the spermatozoids. They occur 
thus in only a single division with which they have no material con- 
nection. After fecundation they are lost and do not appear again until 
the central cells of the next generation are developed in the pollen 
grains. The same is true also of Cycas and Ginkgo. In Maprsilia, 
according to Shaw (102), bodies similar to the blepharoplasts, which 
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he calls blepharoplastoids, occur in the division preceding that, giving 
rise to the central cell, and according to Belajeff (14) they appear a 
few cell generations earlier, but still in the spermatogenous tissue. It 
is easy to understand why blepharoplasts should occur in all of the 
spermatogenous cells resulting from the division of the central cell of 
the antheridium, as all of these cells may be considered potential 
spermatozoids. While in Jarsi/ia 16 spermatids are formed by 
four successive divisions of the central cell, in some other species 
a less number of cells is formed, some of the intermediate divyi- 
sions being dropped out. It seems to the writer, from analogy with 
Zamia and Ginkgo, where the blepharoplasts appear in the central 
cell, that they may be expected to occur also in the central cell of 
Marsilia and other ferns with which the central cell of the pro- 
thallum (antheridium) of Zamia is supposed to be homologous. It 
will be remembered that Moore found rudimentary cilia developing in 
the spermatozoa mother cells of salamander. All of the intervening 
cells between the central cell and the spermatids being considered as 
potential spermatids, it becomes evident that we should expect bleph- 
aroplasts or their rudiments to be present. The fact brought out by 
Shaw and Belajeff that these bodies apparently appear de novo in each 
cell generation and then at the close of the division disappear in the 
cytoplasm, new blepharoplasts arising meanwhile to function in the 
next cell generation, seems to the writer to lend strong support to his 
claim of the independent nature of the blepharoplast. 

The evidence from the zoological standpoint would seem to entirely 
favor the centrosome nature of the blepharoplast, as the almost unani- 
mous conclusion drawn in recent work on spermatogenesis indicates 
that the axial filament arises from a centrosome which forms the mid- 
dle piece of the spermatozoid. After the exhaustive researches of 
Meves (82), Hermann (55), Moore (86), Benda, Lenhossek, Suzuki, 
McGregor, Paulmier, ete., this fact can hardly be doubted. Wilson 
says, in summarizing the questions of spermatogenesis in animals: 

In reviewing the foregoing facts we find, despite many variations in detail, three 
points of fundamental agreement, namely: (1) The origin of the sperm-nucleus from 
that of the spermatid; (2) the origin of a part at least of the ‘‘middle piece’’ from 
the spermatid-centrosomes; and (3) the outgrowth of the axial filament from one of 
the spermatid centrosomes. 

Wilson (130, p. 170) also concluded, as stated above, that the cilia- 
forming organ in Zamia, Cycas, Marsilia, etc., is to be homologized 
with a centrosome, and the same conclusion is indicated in Henneguy’s 
discussion of the matter (54). It would be presumptuous on the part 
of the writer to criticise these conclusions so far as they relate to the 
question of spermatogenesis in animals, and they must be accepted by 
him as they stand. He feels, however, that he is justitied in refusing 
to admit, at least with the present evidence, that this must be taken 
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as settling the matter for plants also, where the whole centrosome 
question is on an entirely different plane. 

In connection with Strasburger’s theory that the blepharoplasts of 
plants are derived from the cilia-forming organs of asexual swarm- 
spores, it is interesting to note that in ordinary ciliated animal cells a 
small, refractive, highly stainable body is developed at the base of each 
cilium with which it is connected—the so-called ** basal knob” which 
hes near the periphery of the cell. These bodies have recently been 
considered by Henneguy (53) and Lenhossek (78) as of the same nature 
as the centrosome. <A recent contribution to this question by Stud- 
nicka (113) is of special interest in this connection. He has studied 
the position and relation of this body to the cilia in numerous inverte- 
brates and vertebrates in different ciliated cells, and concludes that 
this body (‘‘ Mussstiicke” or ‘* Blepharoplast”’) can not be surely identi- 
fied with a centrosome. It is of special interest that in very many 
instances he found centrosomes near the blepharoplasts in the same 
cell (in Salamandra maculata and Petromyzon fluviatilis). It logically 
follows from this, as he states, that it ‘*is hardly justified to always 
see in blepharoplasts specialized centrosomes.” It would follow from 
this, if the basal knob can be considered a blepharoplast, that they can 
exist independently in a cell near the centrosomes, from which it fol- 
lows that they can also appear in cells where no centrosomes exist. 

In tracing the derivation of the blepharoplasts it may be argued that 
while the centrosome is not at present developed normally in the 
various tissues of the Cycads, Ginkgo, etc., at one time they were 
formed normally in the various tissues, and in the course of phylo- 
genetic development have been gradually eliminated from the plant 
in general, being preserved and specialized only in the case of the 
spermatogenous cells where they serve an important and special func- 
tion. No evidence has as yet been brought forward, however, on 
which such a conclusion can be based. Strasburger’s recent researches 
(112) are of the greatest importance in pointing out the possible deriva- 
tion of the blepharoplast from organs other than centrosomes. He 
takes the view that the blepharoplasts of Zama, Ginkgo, ete., are 
homologous to the cilia-forming organs of swarmspores in lower plants, 
and have been derived from them. In the formation of the swarm- 
spores in Vaucheria, Gdogonium, Cladophora, ete., Strasburger has 
found that the nuclei approach the plasma membrane of the cell, toward 
which it becomes somewhat stretched out in the form of a beak. At 
the point where the nuclear beak or extension touches or approaches 
the plasma membrane a lens-shaped thickening of the membrane occurs 
from which the cilia are developed, a small knob being discernible at 
the base of each cilium. It has been thought that each of these knobs 
might represent a centrosome, but if so, they would be numerous and 
difficult to account for. No connection has been traced either between 
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these numerous basal knobs of the cilia or the entire lens-shaped body 
from which they develop and a centrosome existing in previous cell 
divisions. In the case of A@dogonium, furthermore, as pointed out by 
Strasburger, there would seem to be no centrosomes present, judging 
from the researches of Mitzkewitch, who figures the spindle as drawn 
to a point at the pole without a centrosome. Strasburger concludes 
that the lens-shaped thickenings on the plasma membrane from which 
the cilia develop in the case of Vaucheria, Gdogonium, etec., are 
to be considered the homologues of the blepharoplasts in Zama, ete. 
He says: 

This organ we will at once designate as a blepharoplast, as I consider it homolo- 
gous to the blepharoplasts of plant spermatogonia. The name was well selected; 
at least, I know of no reason for changing it." 

The development of sexually differentiated gametes is generally 
admitted to have taken place by development from swarmspores, and 
a study of plants showing early stages of sexual differentiation is thus 
of importance. Strasburger points out that in Volvox, which is such 
a plant, the cilia originate in a MJundstelle similar to that of @dogo- 
nium, which he considers to be a blepharoplast. This derivation of 
the blepharoplasts of the Cycadacew from similar organs existing in 
lower plants is of the highest importance and indicates a general sim- 
ilarity in the mode of forming cilia in all motile reproductive cells. 

Many important points yet remain to be determined in regard to 
the blepharoplasts before the controversy regarding their nature can 
be finally settled. No final conclusion can be reached, furthermore, 
until our knowledge of the typical centrosome has been extended and 
systematized so that it is possible to state what constitutes a centro- 
some. If the writer by his efforts has in any degree aided in paving 
the way to an earlier understanding of the matter, he is satisfied. 


SUMMARY. 


(1) The researches have shown that there are at least two species of 
Zamia in Florida, where only one has heretofore been recognized as 
occurring. These are Zamia floridana DC. and Z. pumila L. It 
was found that neither of the forms studied could be referred to 
Z. integrifolia Jacq., as has been done heretofore, this being a very 
distinct West Indian species. 

(2) Zamza cones in various stages of development can be shipped 
by mail or express at least a three to five days’ journey, and arrive in 
perfectly satisfactory condition for microscopic embryological study. 
Material preserved in the cone for six to ten days, as this requires, 
has been carefully compared with freshly cut material and found to 
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have undergone no perceptible change. Zamia material in good con- 
dition for demonstration and for careful study of the details of sper- 
matogenesis and fecundation can thus easily be obtained by any of the 
universities in Eastern United States. The comparative dates of 
development of different stages is given in the paper. 

(3) Pollination is accomplished by the wind. The scales of the cone 
gradually reflex from the base upward in regular sequence, leaving an 
opening about one-fourth of an inch wide between the scales when fully | 
open, into which the pollen must be blown to cause fecundation. 
When blown into the cone in this way it naturally rattles down to the 
axis of the cone near the micropyle of the ovary. In the further 
process of pollination a mucilaginous fluid is evidently extruded, which 
catches the pollen grains and is later drawn into the pollen chamber 
at the apex of the nucellus, either by absorption or by suction created 
by the breaking down of the tissue in the formation of the pollen 
chamber. In this way the pollen grains come to le in the pollen 
chamber at the apex of the nucellus, where they germinate and form 
the spermatozoids. 


(4) The mature pollen grain has two small prothallial cells cut off on 
one side of the grain, which are developed while the grain is still in the 
pollen sac. Indications of a resorbed prothallial cell have been 
observed in mature pollen grains and in grains shortly after germina- 
tion. While the development of the pollen grain has not been followed, 
and the matter is somewhat doubtful, yet it is believed that three pro- 
thallial cells are cut off occasionally, if not regularly, the first of which 
is uniformly resorbed, as in the case of Ginkgo and Pinus. The two 
cells which remain plainly evident in the pollen-grain cells are referred 
to as the first and second prothallial cells, in the order of their formation. 

(5) In the development of a stalk cell and central cell (generative 
cell or AGrper cell) Zamia is found to correspond very closely to the 
Conifer as described by Strasburger and Belajeff. The general proc- 
ess is obscured, however, by the early development of the prothallial 
cells before the division of the second prothallial cell occurs. The first 
prothallial cell early begins to arch out into the second prothallial cell. 
As the development progresses this continues till the second prothallial 
cell comes to surround the main body of the first prothallial cell. The 
division of the second prothallial cell occurs after this condition is 
formed and the lower end of the spindle is crowded to one side by the 
intruding first prothallial cell. When the wall separating the stalk 
cell and the central cell is formed it is located near the apex of the first 
prothallial ceil, so that the puzzling appearance of a cell surrounding a 
cell is formed. The nucleus of the stalk cell is always crowded to one 
side by the first prothallial cell. The writer has found the same proc- 
ess of development to occur in Ginkgo also. 

(6) Shortly after the completion of this division the blepharoplasts 
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arise in the central cell, being formed de novo in the cytoplasm either 
in close proximity to the nuclear membrane or midway between the 
nuclear membrane and cell wall. They are at first very small, being 
scarcely more than points where a few radiating filaments converge. 
No distinct granules or differentiated central organ can be detected at 
this time. 

(7) The blepharoplasts gradually increase in size, an outside sur- 
rounding membrane and vacuolated contents of different structure 
and composition being soon differentiated. They continue to grow 
until they reach a size, shortly before division, of about 18 to 20 fin 
diameter. The kinoplasmic filaments, of which there were at first 
very few, increase in number until they become very numerous. The 
entire central cell and nucleus, together with the stalk cell and nucleus 
also, grow very materially in size. 

(8) The prophase of division of the central cell appears to be the same 
as in ordinary cells. In this stage the blepharoplast has reached its 
largest size and has frequently become elliptical. Its contents present 
a beautiful, regularly vacuolate structure, and stain red with safranin. 

(9) A synapsis stage is formed in the division of the central cell 
similar to the synapsis stage in the division of the pollen mother cells 
of various plants. This condition is not due to contraction, as the 
entire nucleus is filled with an unstained ground plasm which exhib- 
its a reticular structure and shows no indication of contraction. In 
the collection of the chromatin matter around the nucleolus the ehro- 
matin granules apparently move along the meshes of this reticulum. 

(10) As the division‘approaches the equatorial-plate stage the ble- 
pharoplasts begin to break up, the contents contracting and gradually 
disappearing, while the outer membrane begins to hreak apart here 
and there and can be observed to be made up of very numerous gran- 
ules. The kinoplasmic filaments surrounding the blepharoplast, which 
in the previous stage had been very abundant, seem to have disap- 
peared or at least are unrecognizable from the surrounding reticulum. 

(11) The spindle is developed while the nuclear membrane is intact 
throughout, being apparently entirely of nuclear origin. In the equa- 
torial-plate stage none of the spindle fibers can be traced beyond the 
nuclear membrane, and certainly have no connection with the ble- 
pharoplast. 

(12) In an early anaphase the stainable contents of the blepharoplast 
have entirely disappeared, its place being taken by a colorless ground 
plasm. The outer membrane is more segmented and the individual 
granules of the membrane are clearly distinguishable. The nuclear 
membrane has broken down and its place is occupied by spindle fibers, 
which preserve the original shape of the nucleus. The spindle is 
fully formed now and the poles push very slightly out of the original 
nuclear limitations. There is no system of radiations surrounding the 


84 SPERMATOGENESIS AND FECUNDATION OF ZAMIA. 


pole of the spindle. In well-stained sections the spindle: fibers can be 
seen to end abruptly in a loose reticular cytoplasm, a specialized area 
of which surrounds the pole of the spindle in the locations where the 
daughter nuclei are to be organized. The radiations surrounding the 
blepharoplast still exist in this stage, but are by no means so plain and 
abundant as in earlier stages. They have no connection with the 
spindle fibers, and end in the cytoplasm before they reach the special- 
ized area of cytoplasm surrounding the spindle pole. 

(13) In no stage have the kinoplasmic radiations of the blepharoplast 
been observed to grow in and take part in spindle formation, or in any 
way have any connection with the spindle other than that they lie in 
the line of symmetry of the cell, being naturally just outside the poles 
of the spindle. 

(14) Asdevelopment progresses the blepharoplasts break up entirely 
into numerous granules, the granules being apparently the same as 
those visible in the structure of the membrane of the blepharoplast 
in the last stage. By the time the blepharoplast has reached this 
stage the daughter nuclei have been fairly well organized. 

(15) During the formation of the cell plate by the contraction and 
metamorphosis of the spindle fibers the process of organizing the cilia- 
bearing band from the blepharoplast is in progress. At first a slight 
line can be observed protruding slightly from the mass of granules of 
the blepharoplast. This line gradually increases in length, and one 
grows out on the opposite side of the mass of granules in the same 
way. Finally this line can be observed to have a definite width, 
which gradually increases. Careful observation shows this band to 
be formed by the fusion of the granules of the blepharoplast, a fact 
first pointed out by the writer. As the band continues to grow in 
length and width the blepharoplast granules gradually disappear until 
finally allare used up. The daughter nuclei by this time have reached 
a resting condition and form the spermatid cells which later become 
metamorphosed into the spermatozoids. 

(16) A feature brought out in the writer’s studies of Zama for the 
first time is that here the entire spermatid cell is metamorphosed into 
a spermatozoid, there being no differentiation of spermatozoids inside 
of a mother cell, as was previously understood to be the case in the 
spermatogenesis of plants. 

(17) The band formed, as above described, continues to grow in 
length some time after the disappearance of the granules of the 
blepharoplast. At this time it has usually formed one turn around 
the spermatid. It is first located in the cytoplasm midway between 
the nucleus and periphery of the cell, but ultimately moves out and 
becomes appressed against the plasma membrane. It assumes the 
form of a helicoid spiral as it elongates and finally makes from five 
to six turns around the cell. In a very early stage protuberances can 
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be distinguished on the outer surface of the band which ultimately 
grow into cilia. 

(18) While the growth and division of the central cell has been 
taking place tissue changes have occurred in the upper part of the 
nucellus and the pollen-grain ends of the pollen tubes have grown 
down so that they hang free into the archegonial chamber over the 
neck cells of the archegonia. In fecundation the pollen tubes grow 
down until they crowd against the neck cells, and, being under severe 
tension, burst and discharge the spermatozoids over the archegonia. 
The fluid for the swimming of the spermatozoids is surely formed in 
part from the pollen tube and may be partially formed by extrusion 
from the egg cell. 

(19) The mature spermatozoids are the largest known to occur in any 
plant or animal, being visible to the unaided eye. Their motions have 
been carefully studied by keeping them alive in sugar solutions. They 
are ovate or nearly spherical, the apex of the ciliferous spiral being 
usually more or less pointed. Their motion is mainly by the aid of 
the cilia, but besides this they have a sort of selective amceboid 
motion of the spiral end. 

(20) In fecundation the entire spermatozoid enters the ege cell, 
swimming in between the ruptured neck cells. Sometimes two or 
three spermatozoids enter the same egg, but only one is used in 
fecundation, the others perishing. 

(21) On entering the upper part of the egg cytoplasm the nucleus 
escapes from the spermatozoid, being left slightly in rear of the active 
ciliferous band. The plasma membrane of the spermatozoid entirely 
disappears, seeming to unite with the cytoplasm of the egg, and this 
allows the spermatozoid cytoplasm also to unite with the ege cyto- 
plasm and leaves the nucleus free. The ciliferous band remains at the 
apex of the egg cell in the cytoplasm and the nucleus passes on to the 
egg nucleus, with which it unites. 

22) Fecundation thus consists of a fusion of two entire cells—cyto- 
plasm with cytoplasm and nucleus with nucleus. 

(23) The first division of the egg nucleus has not been observed, but 
the second and Jater divisions have been carefully studied. In no case 
of the cleavage divisions has any centrosome been observed or other 
body at the pole of the spindle which might be confused with a cen- 
trosome. The development has been followed until the embryo is 
fairly. well organized, so that it may be concluded that there is no cen- 
trosome present in the divisions closely following the first cleavage of 
the egg nucleus. It is certain that the ciliferous band, which repre- 
sents the blepharoplast of the spermatid, has no function in the forma- 
tion of the first cleavage spindle or the spindles in any of the divisions 
immediately following, as it remains intact at the upex of the egg 
cell until the egg nucleus has divided into very many small nuclei. 
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It disappears later, during the formation of the embryo, being appar- 
ently absorbed during the process. : 

(24) The function of the blepharoplast from the results obtained in 
this study appears to be simply the formation of the motile cilia and 
the transportation of the male cell. It forms the machinery of loco- 
motion. 

(25) The greatest interest in the present paper is in the relation of 
the blepharoplast to centrosomes or centrospheres. They are found 
to differ from centrosomes as generally understood (1) in not forming 
the center of an aster at the pole of the spindle, being located entirely 
outside of the spindle in Zamia, Ginkgo, and Cycas; (2) in having no 
connection with spindle formation; (3) in being limited to the division 
of a single cell, thus to- one cell generation, no similar organ appear- 
ing in any other stage of the plant’s development, so far as known, 
and (4) in having a function differing from that of any typical cen- 
trosome, so far as known in plants. 

(26) Considering the organs distinct from centrosomes, the writer 
in an earlier preliminary paper called them d/epharoplasts. This the 
writer contends was justifiable and proper, even if the organs are finally 
proven to be the homologues of centrosomes. They are now very 
certainly specialized organs functioning only as cilia formers. 

Wasuineton, D. C., May 1, 1901. 


Norr.—Since this monograph went to press severa: Important papers 
bearing directly on the subject have appeared, but as these do not 
serve to change the writer’s conclusions or materially affect the dis- 
cussion, no special consideration of them is here necessary. The most 
important of these is Dr. S. Ikeno’s paper entitled ‘‘Contribution a 
Pétude de la fécondation chez le Ginkgo biloba,” published in 1891 
(Ann. d. Sci. Nat. Bot. VII, sr. 13: 305-318). 
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EXPLANATION OF ILLUSTRATIONS. 


All of the figures were drawn with the aid of a camera lucida, and where high 
magnification was used, with Zeiss apochromatic objectives 3 mm., n. a. 1.40, or 
2mm., n. a. 1.30. 


PLATE I. 
Zamia floridana. 


Fig. 1. Median longitudinal section through upper part of ovule at time of pollina- 
tion: ¢, coat of ovule; m, micropyle; pc, pollen chamber; 7, nucellus; p, prothallus. 
(x 18 diam. ) 

Fig. 2. Median cross section of female cone at time of pollination. (4 nat. size.) 

Fig. 3. Mature pollen cone with pollen shedding. (4% nat. size.) 

Fig. 4. Cross section of mature pollen cone, showing pollen sacks on lower surface 
of scales. (4% nat. size. ) 

Fig. 5. Median longitudinal section through apex of nucellus, showing pollen 
chamber and developing pollen tubes. (> 100 diam.) 

Fig. 6. Cone at time of fecundation, having reached maximum size. (4 nat. size.) 

Fig. 7. Scale and attached seeds at time of fecundation. (3 nat. size.) 

Fig. 8. Two seeds at time of fecundation, having reached maximum size. (4 nat. 
size. ) 

Fig. 9. Median section through seed just before fecundation, showing relative size 
and location of parts (diagrammatic); c, coat of ovule; m, micropyle; 7, nucellus, 
showing pollen tubes hanging down into the archegonal chamber ac; e, egg cell; p, 
prothallus. (x 3 diam.) 

Fig. 10. Median section through young archegonium, showing central cell and 
nucleus before the cutting off of the canal cell. (x 100 diam.) 
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PLATE II. 


Zamia floridana and Zamia pumila. 


Fig. 11. Mature pollen grain in water. At the point of attachment of the two pro- 
thallial cells, on the left,a dark crescent-shaped line represents a dark layer in the 
cell wall of pollen grain, which may be the remains of a third resorbed prothallial 
cell. (X 1,200 diam.) 

Fig. 12. Germinating pollen grain, early stage. The two prothallial cells have not 
yet begun to increase in size. (> 600 diam. ) 

Fig. 15. Germinating pollen grain, later stage. The tube nucleus has increased in 
size and has passed out of the old grain into the tube, the prothallial cells still 
remain unchanged. A dark line at base of attachment of prothallus in this tube 
may be the remains of a third prothallial cell. (> 600 diam.) 

Fig. 14. Germinating pollen grain, later stage. Here the first prothallial cell has 
just started to push out into the second prothallial cell. (x 600 diam.) 

Fig. 15. Germinating pollen grain, later stage. The first prothallial cell has 
crowded out into the second prothallial cell in a marked degree. (x 600 diam.) 

Fig. 16. Transverse section of second prothallial cell in early prophase of division, 
showing one of the bodies which may occasionally be found, that resemble the early 
stages of a blepharoplast. (X 1,200 diam. ) 

Fig. 17. Pollen tube penetrating nucellar tissue, and showing the nucleus of the 
second prothallial cell i division, the lower end of the spindle being crowded to one 
side by the intruding first prothallial cell. (> 600 diam.) 

Fig. 18. Prothallus of pollen tube immediately after the completion of the division 
of the second prothallial cell into a stalk cell and central cell. Two starch grains are 
shown here in the second prothallial cell. (> 600 diam. ) 

Fig. 19. Prothallus of pollen tube in a later stage of development after the appear- 
ance of the blepharoplasts. The double plasma membrane separating the first pro- 
thallial cell and stalk cell, which is here visible, shows that there are two distinct 
and independent cells of separate origin. (>< 600 diam. ) 

Fig. 20. Prothallus of pollen tube in a later stage of development after central cell 
has become elongated and the blepharoplasts have taken position on opposite sides 
of the nucleus, corresponding to the longitudinal axis of the pollen tube. Starch 
grains haye begun to appear in the stalk cell, ete. (> 600 diam.) 

Fig. 21. Prothallus of pollen tube very much later after the division of the central 
cell; the blepharoplasts have separated into granules which are starting to organize 
the ciliferous band. The first prothallial cell and stalk cell have become gorged with 
starch. The original size of the attachment of the first prothallial cell is clearly 
shown at base of that cell. (> 300 diam.) This tube is magnified only one-half as 
much as that shown in fig. 20. 

Fig. 22. Prothallus showing the interior first prothallial cell crowding into the 
central cell. (> 300 diam. ) : 

Fig. 23. Cross section of pollen tube extending through stalk cell and interior first 
prothallial cell: , wall of pollen tube; cp, cytoplasm of pollen tube; sc, stalk cell; 
PI, first prothallial cell. (> 300 diam. ) 

Fig. 24. Central cell with blepharoplasts shortly after origin. (X 1,200 diam.) 

Fig. 25. Central cell with blepharoplasts near together and somewhat older, when 
outer membrane has been differentiated. (> 1,200 diam. ) 

Fig. 26. Central cell with blepharoplasts in median stage of development, showing 
relation of kinoplasmic radiations to reticulum of cytoplasm. (XX 1,200 diam. ) 

Fig. 27. Nucleus of central cell in early prophase of division, the chromatin matter 
beginning to collect in granular masses. (X 350 diam.) 

Fig. 28. Nucleus of central celi in later prophase of division, the chromatin having 
collected ina skein. (X 350 diam.) 

Fig. 29. Blepharoplasts, showing vacuolated contents and refractive bodies resem- 


bling crystalloids. ( 1,200 diam. ) 
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PLATE III. 
Zamia floridana and Zamia pumila. 


Fig. 30. Division of central cell, synapsis stage, showing the collection of the 
chromatin matter around the nucleolus, and reticular ground plasm filling the 
remaining portion of the nucleus. (> 350 diam. ) 

Fig. 31. Division of central cell, equatorial plate stage, showing the blunt-poled 
intranuclear spindle, the outer membrane of the blepharoplasts breaking up, and the 
contracting of the contents of the blepharoplast. (> 350 diam. ) 

Fig. 32. One of the blepharoplasts from the above cell more highly magnified, 
showing the breaking up of the exterior membrane and the disappearance of the 
contents. ( 1,200 diam.) 

Fig. 33. Division of central cell, early anaphase, showing hyaline cytoplasmic 
areas around the poles and disconnection of the blepharoplasts with the spindle. 
( 350 diam. ) 

Fig. 34. One of the blepharoplasts and the pole of the spindle from the above cell 
more highly magnified, to show the relation of the kinoplasmic rays surrounding the 
blepharoplasts to the spindle fibers, the granular structure of the outer membrane 
of the blepharoplast, and its separation and contents at this time. (> 1,200 diam.) 

Fig. 35. Division of central cell, early telophase, showing the reorganization of the 
daughter nuclei. The blepharoplasts have separated into groups of granules, which, 
in this stage, are nearly as large as the daughter nuclei. ( 350 diam.) (Compare 
this with a photomicrograph of the same cell, Pl. V, fig. 63.) 

Fig. 36. Two attached spermatids formed by the completion of the division of the 
central cell. The blepharoplast is in the process of organizing the ciliferous band by 
the fusion of the granules. (> 350 diam.) 

Fig. 37. Organization of the ciliferous band by a fusion of the granules of the 
blepharoplast. (x 1,200 diam.) 

Fig. 38. Fusion of the granules of the blepharoplast in the formation of the cilifer- 
ous band. (X 1,200 diam. ) 

Fig. 39. Spermatid showing irregular projections from the nucleus, and with cilifer- 
ous band in process of construction. (> 350 diam.) 
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PLATE IV. 
Zamia floridana and Zamia pumila, 


Fig. 40. Spermatid with section of ciliferous band in cytoplasm, showing protuber- 
ances on outer side. (X 600 diam.) 

Fig. 41. Spermatid with section of ciliferous band in cytoplasm, showing radiations 
from outer surface. (> 350 diam.) 

Fig. 42. Median section of two spermatids where ciliferous band has made asingle 
turn around the cell, showing band in section appressed against the plasma membrane 
on opposite sides of the nucleus. ( 350 diam.) 

Fig. 43. Tangential surface section of a spermatid, showing surface of band when 
it had madea single turn. ( 350 diam.) 

Fig. 44. Formation of double plasma membrane in the division of the central cell. 
(x 1,800 diam.) 

Fig. 45. Mature spermatozoids in median section, showing nuclei, ciliferous band, 
etc. (> 200 diam.) 

Fig. 46. Cross-section of apex of spermatozoid, showing attachment of cilia to band 
which lies immediately below the plasma membrane. (> 600 diam.) 

Fig. 47. Separation of spermatozoids under the influence of sugar solution: a, 
mature pollen tube just before motion began; }, ¢, and d, after the motion of the 
cilia had begun, showing stages in the gradual pulling apart of the spermatozoids. 

Fig. 48. Pollen tube in a median stage of growth, showing the tube nucleus near 
the distal end of the tube. (X 75 diam.) 

Figs. 49 and 50. Pollen tubes, showing different shapes assumed by the tubes in the 
course of the growth of the proximal end, just preceding fecundation. (> 75 diam. ) 

Fig. 51. Apex of nucellus, showing the proximal ends of the pollen tubes hanging 
down in the archegonial chamber shortly before fecundation. The tube nuclei have 
returned and taken position near the prothallus. (> 75 diam.) 
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PLATE V. 
Zamia floridana and Zamia pumila. 


Fig. 52. Mature spermatozoid while swimming free. (XX 200 diam.) 

Fig. 53. Spermatozoid showing apex of spiral. 

Fig. 54. Fecundated egg cell immediately before nuclear fusion, the nucleus of the 
spermatozoid having separated from the ciliferous band and cytoplasm, lies free in 
the protoplasm at the apex of the egg cell ready to travel on alone and fuse with the 
egg nucleus. (> 25 diam.) 

Fig. 55. Egg cell immediately after the fusion of the male and female nuclei, show- 
ing male nucleus in the upper portion of the oosphere, and the isolated ciliferous 
band of the spermatozoid which produced the fecundation lying free in the cytoplasm 
at the apex of the egg cell. A second spermatozoid trying to gain entrance is shown 
at apex of cell. (> 25 diam.) ‘ 

Fig. 56. Egg cell immediately after fusion of male and female nuclei as in fig. 55, 
showing longitudinal section of ciliferous spiral band and a portion of the cytoplasm 
of the spermatozoid. (X 25 diam.) 

Fig. 57. Section through the apex of a fecundated egg cell showing the remains of 
the cytoplasm and ciliferous band of the spermatozoid surrounded by the cytoplasm 
of the egg cell. (X 350 diam.) 
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PLATE VI. 
Zamia floridana and Zamia pumila. Photomicrographs of various stages. 


Fig. 58. Central cell in pollen tube showing blepharoplasts, nucleus, nucleolus, 
and tube nucleus below to the left. (> 200 diam.) 

Fig. 59. Central cell in early prophase of division, showing blepharoplasts, con- 
traction of nuclear membrane between blepharoplasts, nucleolus, and granular col- 
lections of chromatin matter. _( 300 diam.) 

Fig. 60. Polar view of mature blepharoplast, showing radiations. (x 400 diam.) 

Fig. 61. Blepharoplast, showing contraction of contents and breaking of outer 
membrane into segments. (> 400 diam.) 

Fig. 62. Central cell in early anaphase of division, showing the relation of the 
blepharoplast (one only being visible) to the spindle. The clear, specialized cyto- 
plasmic areas between the blepharoplast and the poles of the spindle are well shown. 
(x 400 diam. ) 

Fig. 63. Central cell in telophase of division, showing the blepharoplast in granules, 
the small daughter nuclei, and the formation of the cell plate by the contraction of 
the spindle fibers. (X 500 diam.) 

Fig. 64. Polar view of the blepharoplast in slightly later stage, showing the fusion 
of the granules to form the ciliferous band. ( 400 diam.) 

Fig. 65. Two spermatids where the ciliferous band has made one turn around the 
cell. (X 200 diam.) 
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PLATE VII. 
Photomicrographs of Zamia floridana. 


>» 
Fig. 66. Central cell in late telophase with the blepharoplast in granules snd the : 
delimiting plasma membrane well formed. (> 550 diam.) rat 
Fig. 67. Mature spermatozoids in median section, showing nucleus, ete. (% 
diam.) p 
Fig. 68. Mature spermatozoid swimming free in pollen tube. ( x 200 diam. ae “Tt 
Fig. 69. Median section of helicoid ciliferous band in cytoplasm at apex of egg c 
after escape of the nucleus, showing cilia still attached. Numerous little com : 
figures of kinoplasm formed here and there in the cytoplasm of the egg cell at 
time are also shown. (X 450 diam.) 5 
Fig. 70. Egg cell after fecundation, showing a spermatozoid which did not ga 
entrance and an empty ciliferous band in apex of egg cell. The egg nucleus is visi 
in the lower part of the section, but the male nucleus which has fused with it 
not visible. (> 50 diam.) 
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The following bulletin by M. A. Carleton, Cerealist of this Office, 
treats of the macaroni wheats, with special reference to their growth 
without irrigation in the semiarid regions of the United States. 
Some of the best varieties of macaroni wheats have been imported by 
the Department of Agriculture, and have been tested in these regions 
with extremely gratifying results. It is believed that with a little 
care a large industry can be built up in regions of the United States 
where the ordinary wheats do not succeed. Mr. Carleton has had 
special advantages for the study of these wheats in Russia and else- 
where, and his bulletin is commended as the latest word on a very 
interesting and practical subject. 

ALBERT F’. Woops. 

OFFICE OF THE PATHOLOGIST AND PHYSIOLOGIST, — 


Washington, D. C., August 1, 1901. 
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MACARONI WHEATS. 


By Mark ALFRED CARLETON, 
erealist. 


INTRODUCTION. 


For more than thirty-five years there have been occasional introduc- 
tions into this country of the hardy, glassy wheats of the durum group, 
chiefly from Russia, but also from Algeriaand Chile. In Europe they 
are called simply hard wheats, and correctly so, since the hardest bread 
wheats of the world are really soft compared with them. In this 
country they have not until recently been sufficiently well known to 
receive a special name. Now, however, through the recent introduc- 
tions and publications of this Department the term macaroni wheat is 
becoming rapidly adopted, and its application is already pretty well 
understood. 

Heretofore these wheats have been received with but little favor. 
in spite of their excellent yields and hardiness the lack of a market 
made their establishment a practical impossibility for the time. Our 
own macaroni factories were using ordinary bread wheats and the 
attention of foreign factories had not been called to the possibility of 
securing excellent durum wheat from this country. Our millers 
refused to receive such wheat, not being able to utilize it with their 
present methods of milling for bread flour only. Elevator men also 
refused to handle it, as it would spoil the sale of other standard wheats 
if mixed with them inthe elevators. Also the different varieties intro- 
duced had not been tested sufficiently long to obtain a just idea of their 
value, and were often grown in localities to which they were entirely 
unadapted. Thus a combination of unfortunate circumstances gave 
to these wheats a reputation not at all deserved. Only two years ago 
a writer severely criticised the Department for introducing a consign- 
ment of Kubanka wheat, saying that the variety was already consid- 
ered to be a failure in this country. 

Now, however, as a result of the efforts of the Department begun 
two years ago to establish these durum wheats, there is being mani- 
fested a great change of opinion as to their merits, in view of their 
probable complete utilization in the future for the manufacture of maca- 
roni. The following are some of the reasons for this change in opin- 
ion: (1) Certain European manufacturers are ready at any time to con- 


tract for large amounts of American grown wheats of this kind so long 
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as they stand the proper test. (2) Samples already sent to European 
experts for examination have given very favorable results in compari- 
son with foreign samples, though it is almost certain that the samples 
sent were in quality below the average of what can be produced and 
is being produced in this country. (3) Quite a number of Ameri- 
can factories are showing a disposition to use semolina' made from 
these wheats just as soon as they can obtain a sufficient amount of it. 
(4) Several American flour mills are now grinding macaroni wheat. 
(5) From a rough calculation, probably 75,000 to 100,000 bushels of 
macaroni wheat will be harvested in the Great Plains States in the 
season of 1901. (6) From the standpoint of results as a cultivated crop 
numerous careful experiments have absolutely proved the success of 
these wheats in the Great Plains. (7) Excellent bread as well as 
macaroni can be made and is being made in large quantities (e. @., in 
the Volga River region of Russia) from these wheats. In the light 
of such facts one is forced to believe that there is before us the possi- 
bility of establishing practically a new wheat industry of great mag- 
nitude. 
CHARACTERISTICS OF MACARONI WHEATS. 


Macaroni wheats proper belong in the durum group, known by the 
botanical name of Zréticum durum. In France they are called Blé 
dur; in Germany, Hartweizen; and in Spain, Zrigo duro. They are 
also sometimes called barley wheats, or Gerstenweizen, because of their 
resemblance to barley. The wheats of this group grow rather tall and 
have stems that are either pithy within or hollow, with an inner wall 
of pith, or, in a few varieties, simply hollow, as in the ordinary bread 
wheats. The leaves are usually broad and smooth, but have a peculiar 
whitish green color and possess an extremely harsh cuticle. The heads 
are comparatively slender in most varieties, compactly formed, ocea- 
sionally very short, and are always bearded with the longest beards 
known among wheats. The spikelets (meshes) are two to four grained. 
The outer chaff is prominently and sharply keeled, and the inner chaff 
somewhat compressed and narrowly arched in the back. The grains 
are usually very hard and glassy, often translucent, yellowish-white in 
color, occasionally inclining to reddish, and usually rather large. In 
certain varieties the grains are almost or fully as large as those of 
Polish wheat, and are sometimes mistaken for it. 

In the field these wheats resemble barley yery much, and one seeing 
them there for the first time and not familiar with their appearance is 
apt to think of them as being actually barleys. There are many varie- 
ties differing in shape and size of head, color, and amount of hairiness of 
chaff, color of beards, etc. (See Plates Land II.) Besides their excep- 
tional fitness for the manufacture of macaroni and other edible pastes, 
these wheats possess for the grower two other admirable qualities to a 


'The special name of the milled product as used by the macaroni manufacturer. 
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greater degree than ordinary wheats. They are extremely resistant 
to drought and to attacks of most fungous pests. Black stem rust, 
however, sometimes affects them badly. They do not stool exten- 
sively. Durum wheats are particularly sensitive to changes of envi- 
ronment and quickly deteriorate when grown in a soil or climate to 
which they are not adapted. A sufficient change of conditions to effect 
such a result may be found even within the distance of a few miles 
For example, it is well understood in south Russia that the excellent 
variety Arnautka gives the best results only when grown within a 
limited area bordering the Azov Sea. So also the best Kubanka is 
found east of the Volga on the Siberian border. In the Caucasus this 
variety apparently has actually developed into a red winter wheat, 
though the original is a yellowish-white spring wheat. 

Macaroni wheats are adapted to soils rich in nitrogenous matter but 
considerably alkaline, and they invariably give the best results in a hot, 
dry climate. Almost all the varieties are best adapted for spring sowing. 
The young plants are always light green in color, and even when sown in 
the autumn grow at once erect and very rapidly, thus being poorly pre- 
pared to survive ® severe winter. Where the winters are mild, how- 
ever, as they are south of the thirty-fifth parallel in this country, they 
may be grown as winter wheats,’ and in such cases the large amount of 
autumn growth made allows them to furnish excellent fall pasturage. 
Polish wheats produce a grain very similar in nature to that of the 
durum wheats, and are also often used for making various pastes. 
These are varieties of Triticum polonicum. (See Pl. 11, 7.) The plants 
are tall, with smooth stems that are more or less pithy within. They 
stool very sparingly. The heads are extremely large and loosely 
formed, and berore ripening are bluish green in color. A special 
peculiarity of Polish wheats is the rather long, narrow outer chaff, 
papery in structure, and standing out slightly from the head instead 
of being rigid and closely applied to the spikelets, as‘in other wheats. 
The grains are of great size when normal, especially quite long, yel- 
lowish white in color, and yery hard. These wheats also withstand 
drought and are somewhat resistant to leaf rust. 

Varieties of the Poulard group of wheats (Zriticum turgidum) are 
also occasionally used for macaroni, but are comparatively of minor 
importance in this regard. The use of common bread wheats for 
making macaroni will be referred to in other places. 


DISTRIBUTION OF MACARONI WHEATS. 


Macaroni wheats stand foremost among all wheat groups in their 
excellent adaptation to regions of intense heat and drought. In addi- 
tion, however, they require for their most successful cultivation a soil 


* Results of recent experiments show that they will succeed as winter wheats even 
in parts of Kansas. 
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rich in humus and containing a good proportion of potash, phosphates, 
and lime. Where these wheats succeed best the soil is always found 
to be considerably alkaline. Naturally, therefore, they are grown to 
the greatest extent in east and south Russia, Turkestan, North Africa, 
and the drier portions of Argentina, Chile, India, and Asia Minor. 
They are also grown in Spain, Italy, Greece, Roumania, Mexico, and 
the Central American States. 

By far the largest production of macaroni wheats is in east and 
south Russia, a large part of which finds a ready market for macaroni 
making in the cities of southern France and Italy. Ten or more 
rather distinct varieties are grown in Russia. These are much mixed 
in shipping, and are often exported under the one name of Taganrog 
wheat simply because they are so commonly shipped from the port of 
that name. There is no special variety correctly called Taganrog, but 
that name is usually applied to any variety whatever of Russian durum 
wheat after it leaves Russia. 

Unfortunately in making up statistics of wheat production no dis- 
tinction is made of macaroni wheats, so that it is impossible to give 
accurately the distribution of these wheats in Russia. In a general 
way, however, the governments in which these wheats are chiefly 
grown are as follows: Orenburg, Samara, Turghai Territory, Uralsk 
Territory, Saratoy, Don Territory, Astrakhan, and portions of Kuban 
Territory, Daghestan, Stavropol, and Taurida. In the Turghai and 
Uralsk Territories and Astrakhan certainly the larger proportion of 
the entire wheat production is of these wheats, it being practically 
impossible to grow ordinary wheats in certain districts because of the 
extremely low rainfall. The farmers are, many of them, Kirghiz, who 
have given up nomadic habits and have adopted a settled mode of life. 
The chief varieties grown are Kubanka and Beloturka. The greater 
part of the macaroni wheat of south Russia is grown in the region 
bordering the Azov Sea. Here there are several varieties grown, 
the principal one being Gharnovka (Pl. III). In portions of 
Turkestan the climate is very favorable for durum’ wheats, because 
of its great aridity. One variety especially, Sarui-bugda (PI. IV, 3), 
apparently the principal durum wheat grown in Turkestan, has 
attained an excellent reputation in southeast Russia. Algeria pro- 
duces macaroni wheats almost exclusively. As the average annual 
wheat production of that country during the years 1895-1900 was 
23,785,167 bushels,’ the comparative amount of these wheats grown 
there is therefore rather large. There are many varieties. Some 
macaroni wheat is also produced in Egypt and Tunis, but a large por- 
tion of Egyptian wheat is of the Poulard group (Zritieum turgidum). 
Almost all Spanish varieties are of the durum group, but the entire 


' Statistics furnished by the Statistician of the Department of Agriculture. 
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wheat production of Spain is comparatively small. In Greece, Mexico, 
and Central America—particularly in Nicaragua—these durum yarie- 
ties are also almost exclusively grown. 


ADAPTABILITY OF DURUM WHEATS TO OUR SEMIARID 
DISTRICTS. 


The nature of the climate and soil of the regions where macaroni 
wheats are already grown in quantity and most successfully, would 
indicate that these wheats are admirably adapted to the conditions of 
our own semiarid districts. That this is true is pretty well proved 
both in theory and by experiment. Conditions of heat and drought, 
richness of soil, alkalinity, etc., exactly similar to those that prevail 
in east Russia and North Africa, exist in the more arid portions of our 
Great Plains, except that in the former regions these conditions are a 
little more extreme asarule. As the best macaroni wheats are grown 
most successfully in east Russia, it will be desirable to compare the 
climatic conditions of that region with corresponding portions of the 
Great Plains, that we may note more closely the degree of similarity 
in this regard. 

CLIMATIC COMPARISONS. 


The macaroni wheat district of east Russia comprises in a general 
way the Volga River region from about the latitude of Kazan to the 
Caspian Sea, but extending eastward to the Siberian boundary and 
even beyond into the Kirghiz Steppes. The entire district is at least 
semiarid, and some portions of it seem to be, more properly, arid. The 
degree of aridity increases to the east and south, the reverse of the 
conditions in this respect in our Great Plains, where the degree of 
aridity increases to the west. Near the Siberian border begins the 
Kirghiz Steppes of western Siberia, a monotonous, unbroken expanse 
of treeless arid plains, with a rainfall reaching less than 10 inches, but 
nearly all of which falls in the growing season. Sages, feather grasses 
(Stipa), salt bushes, etc, make up a large part of the native vegetation. 
The dry heat of midsummer is so intense that mirages are frequent. 
The rich black earth is dry, strongly alkaline, and powdery, but 
absorbs greedily the rain that does fall. Evaporation goes on rapidly, 
and well-adapted plants are provided with means of resisting evapora- 
tion. (See Pl. V.) 

The particular climatic features which characterize a region of this 
sort, and which distinguish it from ordinary agricultural districts so 
far as macaroni wheats are concerned, are as follows: (1) The very low 
average annual rainfall; (2) the very large proportion of this rainfall 
which occurs during the growing season; (3) the character of this pre- 
cipitation, occurring in the form of quick thunder storms, with very 
little fog or mist; (4) the prevailing clearness and dryness of the 
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atmosphere, and (5) the great extremes of temperature, especially 
intense summer heat. 

The following table will illustrate some of these features. In this 
table are given the normal mean temperatures for January, July, and 
the year, and the normal rainfall for the year and for the growing 
season (May to September, inclusive) as taken at ten meteorological 
stations representing as fairly as possible the durum wheat districts of 
east and south Russia, and also similar data for nine stations correspond- 
ing to these in our Great Plains. For contrast with humid areas similar 
data are also given for three stations—Eastport, Oswego, and Lynch- 
burg—in the eastern United States. 


Taste I.—Temperature and rainfall in several localities in Russia and in the United States.+ 


vines, | Soiel mess | Nemasl mean | Normal mean | So ae 
perature. ture. ture. ing season. 3 
°C. | Si ae; Ce, SG! Me Mm. In. Mm. In. 
Kazan 2. oscee cece 2 —13.7 Zeal 19.5 67.1 2) 37.2 |) 26329 10.3 | 387.6 15.2 
LONE Rae ee tacnonene —13.5 7.6 20.8 69.4 | 3.0 37.5 | 278.0 10.9| 421.8 16.6 
Simbirsk.<. 252-0. | —12.9 8.7 20.6 | 69.0 | 3.3 37.9 | 256.6 10.1; 408.4 16.0 
Samarase. sees | —12.7 9.0 21.3 70.3 | 4.1 39.3 | 251.1 9.8 | 396.4 15.6 
Orenburpoesa=eee= = | —15.2 4.5 21.6 70.9 3.2 37.8 | 201.9 7.9 | 395.3 15.5 
Ors ee ee cmeeeeicta | cn seecte|loomhoodelteseenoo) baceetos beeceeae apoecca- 146.6 SP fel WZ bd 9 10.6 
Saretoviensa-ceere== —10.1 13.7 21.7} 71.0 5.4 41.7} 191.9 | 7.5 | 423.1 16.6 
Sareptlsss-seo-niet —10.5 12.9 23.9 75.0 7.4 45.4.) 2 csme ESE) eee) Sorc oc 
Rereh esc sasemerere 8 33.4 23.9 75.1 11.5 52.7 | 206.0 | 8.1} 383.8 15.1 
Taetanrorcacsssser | — 6.6 20.0 21.5 70.8 7.6 45.7 | 265.3] 10.4| 565.6 22.2 
Eastport....-<-...- — 6.4 20.4 15.7 60.4 5.2 41.5 | 451.6 17.7 | 1147.5 45.1 
OSWEZOs.3scccene=- — 4,2 24.3 20.5 69.0 8.0 46.4 | 375.6 14.7 | 889.5 35.0 
Lynchburg -..-.-.. 2.6 36.8 25.2 77.5 13.8 56.9 | 492.7 19.4 | 1094.7 43.1 
Moorhead .........| —18.2|— .9 19.7 67.6 3.1 37.6 | 394.7 15.5 | 603.7 23.7 
Bismarek-2<-5. sos —15. 2 4.5 20.8 69.5 4.2] 39.6) 29208 11.5 | 469.9 18.5 
MuroOnieesss saeco e —13.8 7.0 21.5 70.9 5.8| 42.51 346.7 18.6 | 534.1 21.0 
Voanktonmires secs =19)8 ipl etal 73.6 7.6 | 45.8 | 436.8 17.2 | 655.3 25.8 
North Platte ...... — 6.6} 20.0) 23.0] 73.5 8.8 | 47.9} 825.1 12,8 | 459.7 18.1 
Valentine ......... — 8.3 16.9 22.9 73.3 7.9 | 46.3 | 299.7 11.8 | 486.4 19.1 
@oveordia <..-- a5 — 4.8 23.2 25.0 Liga! J1,.2) 52.2) 438.3 17.0 | 647.4 25.4 
Dodge City .......- — 3.0 26.6 25.3 77.6 10.7 | 53:2°| Sao eee eee 19.8 
Abilene (Tex).....| 6.0 42.8 28.1 82.7 17.4 63.4 | 348.4] 18.7] 629.6 24.7 
| I | 


1The figures in this table are averages of many years’ observations and are given by the following 
authorities: Wild, Die Temperaturyerhiiltnisse des Russischen Reiches, Tabellen, 8. LXXII-CCXL, 
and Die Regenverhiltnisse des Russischen Reiches, S. 12-28; Kaiserl. Akad. der Wissensch. St. Peters- 
burg, 1881 and 1887. Klossoyski, Klimat Odessui (Russian); Meteorological Observatory of the Imperial 
New Russian University, Odessa, 1893. Moore, Report of the Chief of the Weather Bureau, U. S. 
Department of Agriculture, for 1896-97, Washington, D. C., 1897. 


A study of the figures in the different columns for the stations in 
east Russia is very interesting. Great extremes of heat in one are 
offset by just as great extremes of cold in another. Moreover, at the 
northern stations the July extremes are still very high, though the 
yearly mean is normally very low. The small amount of yearly rain- 
fall is offset by a proportionately heavy rainfall for the growing season. 
The latter will partially account for the fact that a crop can be grown 
at all in a district of such low annual rainfall. The contrast between 
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the figures for this district and those for the three places in the humid 
area of the eastern United States is very striking. While the January 
and mean yearly temperatures at Samara and Orenburg, Russia, are 
much lower than those at Oswego and Eastport, on the other hand 
the July temperatures at the former places are higher than those at the 
latter. The January and July extremes at Orenburg and Sarepta are 
remarkable. Orenburg, with a January normal extremely low and an 
annual mean normally nearly 5- lower than Oswego, yet possesses a July 
normal over 14° higher. The January normal at Lynchburg is above 
freezing and the normal yearly mean over 6° higher than at Sarepta 
(see Pl. V), Russia, yet the latter point with a January normal 104° 
below freezing lacks but a little over 1° of being as hot in July as Lynch- 
burg. The anomalies of rainfall are fully as striking. At no point 
in the Russian region does the mean yearly rainfall reach 17 inches, 
while at Oswego it is over twice that amount and at Eastport and Lynch- 
burg over two and one-half times that amount. But one-half to five- 
eighths of the total yearly rainfall in the Russian region occurs during 
the growing months (May to September, inclusive), while in the humid 
area ot the United States considerably less than one-half falls in the 
growing season. The conditions at Kazan, Ufa, and Simbirsk are 
particularly interesting. At these points, although the yearly mean is 
only 16 or 17 inches, the amount falling in the growing season is about 
five-eighths of that amount. As the nature of the soil in prairie 
regions enables it to retain an unusually large proportion of the rain- 
fall, it results that the actual amount of water available for plant 
growth in this semiarid area during the growing season is more than 
in humid areas where the yearly rainfall is two to three times as great. 
The lowest rainfall of this region occurs on the borders of the Kirghiz 
Steppes and near the Caspian Sea. At Orsk, for example, the yearly 
rainfall is but 10.6 inches and the mean for the growing season is 5.7 
inches. But even there the actual amount of water directly available 
to the plants from May to September is probably nearly as large as 
at Oswego. In the Orsk district a considerable quantity of excellent 
macaroni wheat is grown. 

The climatic conditions of our northern and central Great Plains 
region are remarkably similar to those of the region just described, 
except only that conditions in the former region are in general con- 
siderably less severe than in the latter. At no point as far west as the 
one hundredth meridian is the mean annual rainfall less than 18 inches 
in the Great Plains region, while, as above stated, the amount falling 
in the similar Russian region is nowhere more than 17 inches. At 
three points in the Great Plains region, viz, Bismarck, North Platte, 
and Dodge City, all near the one hundredth meridian, the yearly mean 
is normally over 18 inches, the average for the three points being 18.8 
inches. The average of the normal means of the points in the Russian 
region, even excluding the very low figures for Orsk, is 15.9. In other 
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words, the normal yearly rainfall of the Great Plains at the one hun- 
dredth meridian, where wheat growing is at present practically non- 
existent on account of the lack of drought-resistant varieties, 1s nearly 
three inches greater than that for the entire semiarid Volga region, 
which ts one of the principal wheat regions of Russia, and which pro- 
duces the finest macaroni wheat in the world. 

A comparison of the normal temperatures of the two regions shows 
the same sort of similarity, with extremes a little more severe in the 
Russian region. Points in the Volga region having correspondingly 
low winter and annual mean temperatur es, always show a July tem- 
perature a little higher than those of the Great Plains region. At 
Or enburg, Samara, and Ufa the July temperatures are especially sur- 
prising, podedeatue the very low winter temperatures. At Huron, 
Bismarck, and Moorhead are the best examples, probably, of tempera- 
ture extremes in the Great Plains, but the extremes are not quite so 
great as at the three Russian stations. 

The humidity of the air is a feature of climate often entirely over- 
looked, but it nevertheless has a remarkable influence upon plant 
growth. In the relations of climate to the development and maturity 
of the wheat grain there are many things not yet thoroughly under- 
stood, but the degree of humidity is known to be of the utmost 
importance. The exact manner in which the influence of humidity is 
effective—the actual changes in the plant which take place by virtue of 
its presence or absence—is yet to be investigated in detail, but that there 
is such an influence seems positive. Its effect upon he: wheat plant is 
in general unfavorable if long continued, and particularly if it occurs 
near the time of ripening. Great humidity retards maturity, inter- 
feres with the production of proteids in the grain, and thereby indi- 
rectly softens it and through an overproduction of starch gives it a 
whiter color, weakens the straw, and presents conditions favorable for 
the attacks of various fungous pests. It is not so much the great pre- 
cipitation that causes an inferior quality of grain in the humid areas, 
but the prevailing humidity of the air and lack of sunshine. Indeed, 
as already stated, the actual rainfall during the growing season may 
be nearly or quite as much in the semiarid areas as in the humid areas. 
Edmond Gain has stated the law in regard to this matter, viz, that 
“ripening is promoted ina dry air and a humid soil, but is retarded 
in a humid air and a dry soil.”! It is pretty generally admitted in 
regard to many crops that the quality of the fruits or grains is, in 
some respects at least, injured by excessive humidity. It is especially 
true, however, of those crops which are characterized by a large pro- 
portion of protein or sugar in the fruits or grains, and in the case of 
durum wheats humidity is so injurious that semiarid conditions are 
absolutely necessary for the best results in growing them. So long 


1Influence de l’humidite sur la végétation. Compt. Rend, 115: 890. 1892. 
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as the soil is of the right kind, therefore, the conditions in our semi- 
arid plains, even near the one hundredth meridian, are not only none 
too arid for such wheats, but are the conditions that are actually neces- 
sary for their successful cultivation. 

In Table II are given the absolute and relative humidity for six 
localities in east Russia and two localities in the Crimea, in compari- 
son with similar data for the localities of the Great Plains, already 
discussed, and, in contrast with the two series, similar data for the 
same three places in the humid area already mentioned. The abso- 
lute humidity is given not as actual moisture content, but in the form 
of vapor pressure, being reckoned like barometric pressure, and is 
stated in both millimeters and inches. The average total number of 
clear days in June, July, and August is also given for as many of the 
localities as possible. 


TaBiEe I].—Absolute and relative humidity for the growing season and for the year, and 
the average total number of clear days in June, July, and August. 


May. June | July. August. September. Year, | 5 

Sei eee ets | 1) OS TY ee So 
Place. 5 5 = 5 = An =| 5 S| 5 B\oa 
S q a a a ee a 4 4 q a Slag 

= 2 = a 78 2} 3 2} 3 | 2 o|2 

2 i 5 e = iz 3 P = = = Fs 

Mm.| In. Mm.| In. Mm.\ In. Mm. In. Min.| In Mm.| In. 

Kazan’. .....- 7.1/0. 279) 64) 9.6)0.377' 66) 11.7|0.460' 67, 10. 5)0. 413) 72' 7.3/0.287| 76) 5.6/0.220! 77|.... 
Orenburg....| .7.3) .287) 58} 9.5) .374) 57) 11.6) .456] 64 10.5] .413] 64) 7.3) .287] 68] 5.6) .220] 75).... 
Simbirsk ....| 7.6) .299] 64) 9.9) .389) 66] 11.6) .456) 66, 10.2} .401) 70| 7.2) .283 75) 626]. 220fi\coce 
Samara...... 7.0) .275) 54) 11.1) .437) 66] 13.0) .511) 61) 11.4) .448) 65) 8.1) .318) 73} (2) | (2) |) ].--- 

Saratov...... 7.8) .307| 59) 9.8) .885 56 11.8) 464) 61 10.7] .421) 61) 8.1) .318) 65) 6.1) .241| 74).. 
Uralsikose. =. 7.0] .275| 50] 9.8, .385! 54 11.4 448) 53) 9.9) .389) 53) 7.5) .295) 59) 5.7) .224! 70).... 
Simferopol ..| 9.5) .374] 70) 10.9; .429) 67) 12.0) .472] 61) 11.7] .460] 61! 9.5; .374] 69) 7.4] .29i1 73! 38 
Genichisk ...| 10.4} .409| 75] 12.8) .503, 70| 14.9) .586| 70| 13.6] .535| 70| 10.9] .429| 75| 8.4] .330| 59! 28 
Eastport..... 6.1) .241 a 8.3) .330) 81 10.4! 410} 81) 10.6) .420 sai 8.9] .353 s1 4.9} .194) 76] 24 
Oswego. ..... 7.3) .289) 73, 11.1 438) 74, 12.6) .497) 72, 12.2) .482) 73) 9.5) .375) 74) 5.6] .223) 75! 28 
Lynchburg ..| 10.2) .404 69) 14.4 569) 71) 15.9) - 627| 72) 15.5) .611} 75) 12.6] .499| 78) 7.6) .302) 71) 29 
Moorhead ...} 5.9) .236 66, 11.1) .437| 71) 12.8) .504| 73) 10.8) .427| 71] 7.8] .311| 72) 4.0] .159| 76) 29 
Bismarck....} 6.2) .247 66 10.6 ses 70) 12.1, .480) 66, 10.3) .408 ee 7.3] .290) 65) 4.2; .166) 71) 30 
Huron. .../-'.. 6.0 .240 61 el - 434) 66) 12.3) .485) 64) 10.7| .425] 64) 7.3) .289] 62) 4.2) .168) 69) 33 
Yankton...) 7.0) .278) 67) 11.8] .468) 71] 14.0) .555) 71| 12.4] .492| 72) 9.1] .359] 69] 5.1) .201] 69] 33 
Valentine ... 6.4| . 253 6 10.1) .399) 66) 11.6) .459) 64) 10.8) .426) 64 7.5) 998] 62) 4.8) .189| 67] 30 
North Platte.| 6.7) .266) 62) 10.7] .421) 66] 12.8) .506! 67| 11.7] .463 67, 8.0) .317 63) 4.9 - 197} 66; 32 
Concordia ...} 8.3) .327] 65) 12.8] .506) 66] 14.7| .581] 66] 13.7] .540| 68! 10.1] .400| 67, 6.1) .242] 68| 32 
Dodge City ..} 8.1) .321] 61) 11.8] .467| 61] 13.1] /519| 61| 12.5] .496| 63| 9.2 .364] 62, 5.7] .228] 63, 38 
Abilene, Tex a) - 458) 64) 14.6] .575) 63) 15.0) .593) 58} 15.0) .593 se 12.8) .504 oH 8.6] .339} 65) 42 


1The data for Russia are obtained from the excellent work of A. Kaminski, ‘ Vertheilung der 
Feuchtigkeit der Luft Russland,” pp. 34-351, St. Petersburg, 1894, and from A. Klossoyski’s ‘‘ Contri- 
butions to the climatology of Southwest Russia, Odessa, 1899.” The data for the United States is 
taken partly from the Annual Report of the U. S. Weather Bureau, 1896-97, and partly from unpub- 
lished reports kindly furnished by that Bureau. 

2No figures given. All other data for Samara are meager and cover but a few years’ time. 

’ Relative humidity calculated from three daily observations instead of two, as in ease of the other 


stations, 
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From the table it is seen that the humidity for the summer months 
in the east Russian region is quite low compared with our humid area 
in the east, but that at the same time it corresponds very well with 
that of the semiarid plains region. The figures for relative humidity 
for a number of points in our Great Plains are very low, being all 
under 70. On account of the close proximity of the Russian point 
Genichisk to the Azov Sea its summer humidity is considerably 
greater than it would be otherwise. The district near to Genichisk is 
really quite dry and produces a good quality of Gharnovka wheat. 
The most interesting feature concerning humidity is that while the 
actual rainfall of the growing season in the semiarid districts is 
greater than in the humid area—a fact in itself interesting and most 
significant, as already pointed out—the Awmidity is as a rule less; 
that is, the rain of the semiarid districts falls in quick storms, alter- 
nating with many hot, clear days, ideal conditions for durum wheats. 

The climatic features of these two regions have thus been compared 
somewhat in detail, since the east Russian region is at present the most 
important in the production of macaroni wheat and is likely to have 
as its strongest future rival the very similar northern Great Plains 
region of this country. But, as before stated, there is also a large 
production of these wheats in southern Russia, particularly in the 
region bordering the Azoy Sea (see Pl. VI, figs. 1 and 2) in Kherson 
district and in the extreme North Caucasus. The corresponding, dis- 
tricts of this country for which varieties from south Russia should 
be well adapted are the western portions of Texas, Oklahoma, and 
Kansas, and eastern Colorado, and perhaps portions of New Mexico, 
Arizona, and California. In all the south Russian region there are 
constant droughts and great extremes of temperature, but especially 
intense summer heat. On the west shore of the Caspian Sea and in 
the Azoy Sea region the heat and drought are particularly severe, 
these regions being very similar in these respects to western Kansas, 
western Oklahoma, and the Texas Panhandle. The average rainfall 
from Dodge City, Kans. to Abilene, Tex., is about the same as from 
Kerch to Taganrog, as may be seen in the table; but the average tem- 
perature of the Azov Sea region is a little lower. In Texas, New Mex- 
ico, and Arizona the Algerian varieties will probably be best adapted 
for trial. In New Mexico and Arizona especially the conditions seem 
to be particularly suited for Algerian wheats. 


COMPARISON OF SOILS. 


The macaroni wheat. districts of Russia lie in the well-known 
Chernozem or ‘* black earth” belt, which is almost a perfect counter- 
part of our Great Plains in depth and richness of soil. The most 
thorough investigations have been given to the Chernozem soils by 
Russian geo-botanists, chemists, and agronomists, and many analyses 
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have been made, both chemical and mechanical. Mechanical analyses 
of a number of soil samples obtained by the writer from that country 
have also been made by the Bureau of Soils of this Department. All 
such analyses, in comparison with similiar ones made of the soils of 
the Great Plains, show a most remarkable similarity. 

From a chemical standpoint the soils of the two regions are similarly 
characterized: (1) By an exceptionally large amount of thoroughly 
humified organic matter; (2) by the presence of an unusual proportion 
of phosphates, and (3) by a great amount, comparatively, of lime, pot- 
ash, and other alkalies. These soils are therefore rich in base-forming 
metals. and are not acid, while forest soils are distinctly acid. It is 
well known that the substances thus more abundant in these soils than 
in others are just those usually needed by the wheat plant. But the 
indirect influence of the great proportion of lime and humus in so 
changing the condition of other substances as to cause them to be more 
easily made use of by the plant is of equal importance. Of course, 
the amount of soluble mineral salts present may become so great some- 
times as to be really injurious to plant growth, forming actual alkaline 
wastes. But these are found only in certain restricted areas near the 
borders of salt lakes, and even in the vicinity of these wastes the very 
best quality of macaroni wheat is sometimes grown. 

The mechanical structure of the soils is of the very nature best 
adapted for giving the plant the benefit of the substances contained, 
even under adverse conditions of climate. Humus is a great absorb- 
ent of water, and the extreme fineness of the soil particles makes it 
very retentive of moisture. This quality is still further increased by 
the presence of so much alkali. Such soils therefore retain for the 
erowing plants a much larger proportion of the rain that falls than is 
possible in humid areas. 

A map (fig. 1) shows the portion of the United States in which 
macaroni wheat may be grown. The district in which these wheats 
will be most successful is a comparatively narrow belt extending 
northward and southward through the Great Plains. Of course, the 
boundaries must be understood to be arbitrary and only approx- 
imately correct. One hundred to two hundred miles east of this belt 
macaroni wheat may give good yields and prove hardy, but the quality 
of grain will not be what it should. In all wheat area west of this 
belt the gluten content of the grain will not be so good, because of the 
lack of nitrogen in the soil. 


EXPERIMENTAL PROOF. 


After all, the most convincing evidence that a new crop is or is not 
adapted to the region to which it is introduced must be found in the 
results of actual trials of the crop in that region. Such evidence, if 
there is sufficient of it, must be received as final and conclusive. If 
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these results substantiate the conclusions arrived at by a comparison of 
the features of soil and climate, such as we have given above, it is a 
gratifying confirmation of the idea that introductions of new crops 
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Fic. 1.—Map of the United States showing where macaroni wheat can be grown. 
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should proceed upon the basis of a previous scientific investigation of 
environment.’ 


See Russian Cereals Adapted for Cultivation in the United States. Bull. No. 23, 
Division of Botany, U. 8. Dept. of Agriculture, pp. 7-11, paragraph (1). Also the 
Basis for the Improvement of American Wheats. Bull. No. 24, Division of Vegetable 
Physiology and Pathology, pp. 7-9, 42 (top of page and note), and 81, paragraph 17. 
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As already stated, macaroni wheats have been introduced now and 
then and grown in a very few places for many years, but the growers 
becoming discouraged by the absence of any demand for De wheat, 
usually abanlowed its culture soon. Nevertheless, the AER Sine 
qualities of these varieties—their great yielding power, earliness, 
drought resistance, and resistance to diseases—have always been 
noticed and remarked upon. 

So far as the writer can determine, Russian macaroni wheat was 
first introduced into this country in 1864 by this Department. It was 
of the variety Arnautka and was purchased at Odessa, Russia. It 
was afterwards distributed annually by the Department for several 
years and attracted much attention because of its hardiness, early 

maturity, and yield. In Lincoln County, lll., it ripened two weeks 
earlier than other spring wheats. In Dixon County, Nebr., it yielded 
30 bushels per acre and ripened four to six days es than other 
varieties. In Minnesota it ripened a week earlier than Scotch Fife 
and yielded remarkably.*| At that time, however, the possible use of 
these wheats for making macaroni was Se pcecely not thought of, and 
their cultivation did not continue extensively. During the last three 
years the Department has again taken hold of the matter in a 
thorough and comprehensive way and with the aim to stimulate as far 
as possible a market, both domestic and for eign, when they are grown. 
A number of the very best Russian varieties have been introduced 
and tested systematically in comparison with standard varieties in 
cooperation with State Experiment Stations and certain private 
parties. 

That the results of these experiments, both at the stations and by 
private parties, abundantly prove the adaptability of durum wheats to 
our semiarid districts is shown by the evidence which follows. 


TESTIMONY OF PRIVATE PARTIES. ‘ 


In Texas i great deal of attention has been given to Nicaragua 
wheat (PI. I, 2), a variety of the macaroni wheat group. One of 
the Ponce! in experience with this wheat, formerly a millwright, 
and afterwards statistical correspondent of this Department, is Mr. 
James J. M. Smith, of Turnersville, Tex., who has often urged the 
importance of giving more attention to it. The following extracts 
from his correspondence with this Department give his testimony con- 
cerning this wheat: 

There were thousands of bushels raised here (Burnett, Tex.) as late as seventeen 
years ago, and agentleman who hailed from New Orleans bought in this section about 
100,000 bushels for shipment to Europe for use in making graham flour and macaroni. 
This wheat was hardy, and was not attacked by smut or rust, and was a sure crop, aver- 
aging from 20 to 100 per cent more in yield per acre than any other wheat. Its hard 


qualities make it secure from weevil or bec ‘oming musty and spoiling in vessels or 
elevators in transit. (Letter of October 9, 1897.) 


'See Annual Report U. 8. Dept. of Agriculture, 1868, pp. 249, 250. 
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Again, in a letter dated April 15, 1898: 


Our farmers out here (Turnersville, Tex.) are well acquainted with the culture of 
this wheat, and the cause of their abandoning its culture was mainly twofold: (1) 
The indisposition of millers to handle it properly, and (2) the want of a market. 
The yield is certain. It tufts in winter (when sown in fall), pastures well, has a 
heavy straw, is easily threshed, and the best keeper of all cereals. The bread is 
nutritious, and for bakers’ loaves it will not, after being baked, become dry and hard 
as bread from the softer varieties. The wheat grows sometimes as high as 6 feet and » 
yields 60 bushels per acre. It grows well as far as Velasco, Tex., and flourishes 
where the tropical climate is no longer good for other wheats. 


: Mr. A. W. Parrott, proprietor of a stock farm at Holland, Tex., 
writes under date of May 24, 1898, concerning the Nicaragua alee 
as follows: 


We used to plant it here some eight or ten yearsago. Wemade at that time from 
25 to 30 bushels per acre. It would grow from breast height to the height of a man’s 
head. It could be planted either in fall or spring. I planted 4 bushels last fall about 
November 15. It was very dry and the wheat did not get a very good start. I cut 
it last week and it will make double the yield that Mediterranean planted at the same 
time will make. Planted 6 bushels in February of this year. It was in full head, 
good stand and breast high, and will, with a good rain in a few days, make a great 
deal more than seed sown last fall, as there is a better stand. It is a surer crop than 
corn even, making on an average more to the acre than corn, besides requiring less 
labor to make and gather. It stands the cold better than our native wheats, thereby 
making a good and lasting winter pasture, and still producing a full crop of grain if 
not pastured too late. 


The testimony of the Texas Seed and Floral Company, of Dallas, 
Tex. (in letter of May 24, 1898), is as follows: 


Nicaragua hard wheat was grown here several years ago, but the farmers stopped 
raising it on account of the millers not wanting to grind it, as it was so hard. It is 
very productive, and will produce one-third more than Mediterranean here, and 
makes splendid feed for hogs and other stock. We think it a good thing for the 
Texas farmer. 


In 1899 this seed company kindly gave the writer the addresses of 
certain parties in Texas who were growing Nicaragua wheat. On ~ 
request, reports were received from three of these parties giving their 
experience with the wheat as follows: 

G. M. Givens, Lisbon, Tex.: 


I have been raising it for three years now. The first year (1896) I sowed it in 
December on account of getting the seed late. I gotabout 18 bushels per acre. The 
fall of 1897 I sowed 15th to 20th of October; had the finest winter pasture I ever saw; 
and harvested 30 bushels per acre, thresher measure, which weighed out a good deal 
more. My other wheat by the side of it, sown at the same time, made only 20 bush- 
els per acre. The Nicaragua yields one-third more than Mediterranean with the 
same show. In the fall of 1898 I sowed Christmas week and got about 15 bushels per 
acre. We had no rain to amount to anything until spring. My other wheat made 
10 to 12 bushels per acre. This fall (1899) I sowed Nicaragua November 10. It is a 
fine stand and doing well. It is a very hardy wheat, and when sown early will ripen 
about the same time as Mediterranean! or other bearded varieties. 1 think the 
PIDD ER time to sow is in October or November. 


1-A standard red bearded wheat of Texas, and hence often ‘referred to for compar- 
ason by Texas farmers. 
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FiG. 2.—MACARONI| WHEAT FARM OF MR. MIKHALKOV, AT AMBROCIEVKA IN DON TERRITORY. 
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N. B. Harrell, Celeste, Tex., November 20, 1899: 


It has been sown here in this section and yielded a good crop, some of it making 
from 40 to 50 bushels per acre. 


L. L. Ayers, Gatesville, Tex., November 18, 1899: 


The wheat (Nicaragua) I sowed last year did not do well on account of late sowing 
and the almost unprecedented winter drought. It is avery hardy cereal, and should 
be sown about the time for other wheat and ripens about the same time. It is very 
productive in the black lands of Texas, yielding from 25 to 75 bushels per acre accord- 
ing to soil and season. Two years ago a farmer near Belton, Tex., raised 75 bushels 
per acre. It used to be raised here for hogs, but of late has fallen into disuse. 


Mr. Edward K. Carr, of Kerrville, Kerr County, Tex., writes: 


The remarkable success of Nicaragua wheat, which I have sown for about twenty- 
four years in succession on my farm, leads me to believe that we must look to Southern 
latitudes for our wheat. 


Concerning Nicaragua, as tried in the North, Mr. J. F. O'Grady, of 
Eola, Roberts County, S. Dak., writes February 14, 1901: 

I do not think the wheat had a fair trial last season, as it was a poor one for small 
grain in this locality. The sample was planted on April 20, the day thas we finished 
seeding the common Blue Stem, which is the main variety used here, and Nicaragua 
came ripe a week ahead. Wheat averaged about 8 bushels per acre here, and the 
Nicaragua would have gone at least 50 per cent better. 


Dr. F. W. D’Albini, of Waring, Tex., writing February 12, 1901, 
of results with No. 579 (variety Kubanka) of the Section of Seed and 
Plant Introduction, a macaroni wheat obtained by Prof. N. K. Hansen, 
Sys: 

The plants were very robust and healthy and not inclined to lodge at all. There 


was little rust on them, though our common wheat showed it badly. The yield was 
yery good. I think it would have made 22 bushels to the acre. 


Mr. T. N. Oium, of Lisbon, N. Dak., who has been growing an 
excellent quality of macaroni wheat on a considerable scale, is one of 
the first to secure a market for his wheat ata good price. He is grow- 
ing the variety Arnautka, originally from the Azov Sea region, and 
has this testimony to give from his own experience (letter of May 
G, 1901): 

In regard to the Arnautka wheat, will say that I have grown it for several years, 
and last year I had 1,000 bushels. * * * I find this wheat is admirably adapted 
to this country. It will yield about double what other wheat will and seems to be 
smut and rust proof. * * * I have succeeded in distributing enough seed so that 
with a normal crop I expect we will raise from 50,000 to 100,000 bushels next year. 
* * * Our local mill grinds flour from this wheat, and we like it much better than 
other flour. It makes better bread. All who use it here will use no other." 


The Hougen Milling Company, of Northwood, N. Dak., has not 
only grown macaroni wheat (of Russian origin), but has ground some 


1The Arnautka wheat from North Dakota, given in Table IV, isa sample of the 
wheat grown by Mr. Oium. It compares very favorably with the others direct from 
Russia. 
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of it for bread flour. The company writes as follows in a letter dated 
March 23, 1901: 


We have made flour from about 200 bushels of this wheat. It takes considerable 
more power to grind the same quantity of this wheat than our spring wheat usually 
grown here. There will not be a great deal of this wheat sown here this year, as 
there has been no market for it. A few farmers will sow some, intending it for feed, 
as the yield is usually very good. We expect to put in about 100 acres of it, and in 
case we can find demand for the product there is no doubt a large amount of it will 
be raised here. The ‘‘grits’”’ or breakfast food made from this wheat, a sample of 
which we send you, we think superior to that made from our native wheat. 


) 


Mr. Paul Landemann, of Scotland, S. Dak., and a former resident of 
Russia, has this to say in a letter of March 26, 1901, of the Arnautka 
wheat grown by German-Russian farmers in his section of South 
Dakota: 


I find that most of them have fed the last kernel of their seed to hogs on account 
of no market for this wheat, but everyone is happy that a market is in view, and it 
will take but a few years and there will be plenty. This wheat is not only good for 
macaroni, but it gives us a fine bread. Often in the city of Odessa I went to a well- 
known bakery to buy this bread, which was baked only twice a week, and found 
it all sold, to oursorrow. As soon as our American people will taste this bread it 
will find a sure market. 


Concerning Kubanka y neat No. 2953 8. P. I. (PI. I, 1), obtained by 
the writer in 1898, the testimony of Mr. A. Meyerle, of Arapahoe, 
Nebr., is as follows: 

The wheat was planted April 26, 1899. It had one rain June 16, 1 inch, and no 
more rain till harvested. Harvested just seventy-six days after planting. It is so 
early, and that is what we want in this country. 

Wheat No. 1174 8. P. I. (PI. I, 4), a macaroni variety obtained by 
Prof. N. E. Hansen from Turkestan, was tried by Mr. James Curtis 
at St. Thomas, N. Dak. He states results as follows: 

I planted it on the 10th of April, 1900, and harvested it on the 15th of August. 
Intend to give it another trial this spring (1901). It is a large plump berry and 
seems to be quite flinty. Grain men say that it will grade No. 1 northern. 

Mr. James H. Campbell, writing from Skelton, Nev., says concern- 
ing the same variety, No. 1174: 

No. 1174 did well, better than our Nevada wheat. Planted April 1, ripened Sep- 
tember 4. I gave the neighbors some to try. 

This variety was also tried by Mr. A. B. Stanley at Echo, Umatilla 
County, Oreg. His testimony, given in a letter of February 12, 1901, 
is as follows: 


Wheat No. 1174 was sown broadcast March 26, 1900, and harvested June 29. Yield 


per acre (estimated), 23 bushels. The grain was large, plump, and far superior to 
the seed sown. I consider this variety worthy of further trial, which I shall give it 
the coming season. The fine stand of volunteer now on the ground, after the hard 
freezing weather of the last month, is evidence of its hardiness. 
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Mr. H. C. Warner, of Forestburg, S. Dak., superintendent of State 
fair, Department of the South Dakota State Board of Agriculture, bas 
taken much interest in the trials of macaroni wheats. He experi- 
mented with Arnautka (S. P. I. Nos. 1153 and 1156) and No. 1174, and 
has this to say concerning results with it: 

A summary of results would be about as follows: 1153 and 1156 Arnautka were 
fine, withstood drought well, berry plump, color good, yield fine, ripe July 24. No. 
1174 will be a good early wheat if it does not rust. Ripe July 7 

Three other ST ais report results with No. 1174, as follows: 


Alois Wallman, Crandon, 8. Dak.: For durability it will prove to be the wheat 
best suited for the dry prairie States. 

H. J. Wilson, Husted, Colo.: No. 1174 was quite hardy; can not say what the 
yield would be, but consider it a good variety. 

C. A. Snodgrass, Salmon City, Idaho: It is the finest wheat I ever saw; I sowed it 
on the 10th of May and it was ripe on the 25th of August. It think if it were sown 
on fall plowing it would make a crop without irrigation, and, as to yield, I think it 
will yield fine. It seems to be hardy. 

In Canada the Wild Goose wheat (Pl. I, 5), a macaroni variety, 
which probably came originally from South Russia, has been grown 
considerably for several years. Mr. William Beacham, of Cambray, 
Ontario, writes April 8, 1901, as follows, concerning this wheat as 
grown in that locality: 

The straw is strong, not liable to lodge, and is not affected by rust at all. It does 
not shell in cutting as much as others if left till overripe. It will grow on wet or 
dry land and is not affected by extreme dry or wet weather. 


TESTIMONY OF EXPERIMENT STATIONS. 


Without any disparagement to the reports of private parties who, 
no doubt, state honestly the results of their experiences, it is never- 
theless to the experiment stations that we must look for conclusions 
that are to be considered final concerning the behavior of varieties in 
their particular districts, as their variety tests are not only carried out 
scientifically and systematically, but in a highly comparative way, 
dozens, or even hundreds of varieties of different wheat groups being 
tested side by side, under the same conditions. No complete series of 
experiments with macaroni wheats has yet been published by any sta- 
tion, but several of the stations have kindly given the Department, by 
letter, brief reports of two-year results with the three varieties 
obtained in Russia by the writer in 1899, through the Section of Seed 
and Plant Introduction. In one instance the variety Nicaragua is also 
included. Fortunately, two of these stations are in the very districts 
to which these wheats are naturally best adapted. 

The two States in which macaroni wheats have so far proved to be 
the most successful are North and South Dakota. The wheats not 
only give excellent yields in these States, but the grain produced is 
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often apparently of better quality than the original imported seed. 
Prof. J. H. Shepperd, agriculturist of the North Dakota Station, reports 
briefly as follows the results with Kubanka and Pererodka at that sta- 
tion during 1899 and 1900: . 


I am planning to do considerable work with macaroni wheat in this district. The 
two best Russian sorts outranked evervthing else. In 1899 Pererodka 8. P. I. No. 
2954 gave ayield of 39.9 bushels per acre and Kubanka 8. P. I. No. 2953 yielded 30.1 
bushels per acre. Both were very hardy and thrifty and were early enough to be 
entirely safe in this district. The Pererodka made a performance of about 8 bushels 
per acre better than our best-bred Fife and Blue Stem sorts. I am very favorably 
impressed with their performance indeed. The unusual conditions of last season 
(1900) vitiated the results of our work with wheat to such an extent that I have no 
confidence in the comparative yields which we obtained from the different sorts. 
Pererodka was subject to very adverse conditions from drought and conditions of 
soil, but made a yield of 17.13 bushels per acre even with so severe a handicap. The 
Pererodka is a very promising sort for this section. 


In South Dakota comparative results indicate very strongly the 
hardiness of these Russian varieties. Concerning results at the sta- 
tion in 1900, a very discouraging season for the entire Bee Prot 
D. A. Saunders writes: 


With reference to the macaroni wheats, Nos. 2954 and 2953 are very promising 
indeed. They both stood our drought wonderfully well, and yielded, in this very 
unfavorable season, somewhere about 30 bushels by the side of wheat that yielded 
2 to 8 bushels to the acre. No. 2954 did not discolor quite as badly as No. 29538. 
Otherwise there is no difference between the two numbers. 


Aside from their value for making macaroni and as a means of 
largely increasing the yield in the semiarid Great Plains, the use of 
these wheats will be one of the greatest factors also in the establish- 
ment of what is known as ‘‘dry farming” in the irrigated districts; 
that is, farming without irrigation. Prof. John A. Widtsoe, director 
of the Utah Station, is very favorably impressed with the behavior 
of Russian cereals in this respect. He has kindly furnished results of 
two years’ experiments with these cereals in Utah, and writes as follows 
in regard to the matter: 

In accordance with your request for a brief report on the behavior of the Russian 
cereals sent us by the Department of Agriculture I am pleased to inclose a copy of 
the report on this subject made to me by the station agriculturist. As you will 
observe, some of the varieties sent us have done exceptionally well. I consider that 
this work is of very great importance to us here in Utah, especially as regards the 
discovery of wheats and other grains with great drought-resisting powers. Dry 
farming or farming without irrigation is becoming very important in Utah. The 
Utah Station is in constant receipt of requests for information and recommendations 
concerning varieties of wheat especially adapted for dry farming. 

In the report mentioned from the station agriculturist, Lewis A. 
Merrill, is the following paragraph: 

It may be of interest to know that an exhibit was made, at our recent State fair, 
of these wheats, and they excited considerable favorable comment on account of the 
plump kernel, the color, the smoothness of bran, hardness, and general appearance. 
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In the following table are given the dates of seeding and harvesting, 
yields, ete., of the wheats only. Three of the varieties, Kubanka, 
Polish, and Pererodka, are Russian macaroni wheats. Romanoy is 
also Russian, but not a macaroni wheat. The macaroni variety 
Nicaragua is included in the experiments of 1900. 


Taste I1I.—Comparative results with wheat varieties at the Utah Agricultural Experiment 


Station. 
, | | ; Number! Yield 
S ; : he AS el Pa | Date Date har-| —.:_- | Average 
Name of variety. ie Pee hal fe Pade ate of irriga-| per acre, eave 
| No. seeded. | vested. Petes bushels. | yield. 
| 4 
1898 | Apr. 11] July 25 2 34.18 |) 
ROMANO VE So esse Soe ee eee secre J : . 32.09 
se 11900 | Mar. i9 | Aug. 13 2 30.00 |f  * 
AM ONG J = ehse eee ere eaeee 4276 | 1900 |.... do...| July 19 2 34. 3 34.34 
ly 1899 | Apr. 13] July 28 2 36.00) 
Bererod/ Kays ensue -fepateloie nists. | 2954 IJ 5 4 34. 68 
Gree: | * lL 1900 | Mar. 19| Aug. 13 Bela sstariien poe 
ibnnkn. SO ee | soggy |f 1899 | Apr. 18 | July 28 DY BB ON oar 
| 11900 | Mar. 19 | Aug. 13 2 28.76 |J 
Olan |. «2h tae 2957 y 1899 | Apr. 19} Aug. 7 2 29.50) 25,95 
| L1900 | Mar. 19 | Ang. 13 2| 21.00 J 
Wrelliman’s Hite: aaa eee 4404 | 1900 |.... do...| July 23 2 32.50 32.50 
| 
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It is seen that the highest yield of one year, 38.42 bushels, was made 
by Kubanka. The yields for Lamona and Wellman’s Fife are given 
for only one year. These are known, however, to be fairly drought- 
resistant varieties. Of the four varieties that were grown two years 
Pererodka and Kubanka made the highest average yields, these being 
the same varieties, too, that were so successful in North and South 
Dakota. Pererodka seems again to be the better of the two varieties 
in this case, as was found to be true in the trials of the North Dakota 
Station. The writer saw these varieties in the shock just after harvest 
at the Utah Station in 1899, and observed then that the straw was long 
and the heads bright and well filled, though that was the first year of 
their trial. The wheats were given two irrigations, but it is probable 
that in the most favorable localities in Utah they will produce a good 
average crop without irrigation. 

Polish wheat (PI. II, 7), a macaroni variety, has been grown along 
with other varieties at experiment stations and elsewhere in this coun 
try at various times, and almost always with good results as regards 
yield, drought resistance, and rust resistance. The experiments have 
always been short-lived, however, either from sheer neglect or because 
there was .no particular incentive for growing the variety. In 1891 
10 acres of this wheat was planted by the Division of Botany of this 
Department at its grass and forage experiment station at Garden 
City, Kans." Two hundred and forty bushels were harvested, mak- 
ing a yield of 24 bushels per acre, or about twice the ordinary yield 


™See Report of Grass and Forage Expt. Sta. at Garden City, Kans., for 1891, by 
Dr. J. A. Sewall, pp. 3-5. Reprint from An. Rept. See. of Agr. 1891. 
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of spring wheats in that State. Dr. J. A. Sewall in his report of the 
experiments at that station for 1891 says: 

With reference to the experiments as a whole, I know that with fair culture in 
this region, without irrigation, any person can raise ordinarily a fair crop of Polish 
wheat, and with a reasonable amount of rainfall, a large crop. Reports on the 
Polish wheat distributed last winter state a yield of from 20 to 60 bushels per acre, 
without irrigation. The rainfall from January 1, 189i, to May 21, 1891, was only 
1.41 inches. From May 21 to October 3, 1891, the rainfall was 23.20 inches, nearly 
3 inches more than the average annual rainfall. 

Garden City is at a considerable distance west of the one hundredth 
meridian. This wheat also produced a good comparative yield at the 
Arkansas Valley Experiment Station in Colorado, but was apparently 
soon afterwards discarded. It has also given good results in Washing- 
ton, Utah, Iowa, and other States. 

The strong resistance to leaf rust exhibited by macaroni wheats has 
been discussed in detail in previous publications of this Department,? 
so that no special treatment of that subject is necessary here. 

In closing this topic, the results of field trials with macaroni wheats 
in the semiarid districts of this country may be summarized as follows: 
(1) Macaroni wheats are far more resistant to leaf rust than common 
wheats; (2) they are more resistant to attacks of smut and other dis- 
eases than common wheats; (3) in the South, when sown in good time, 
they furnish a good supply of winter pasturage and that without 
diminishing the after harvest of grain, if not pastured too late; (4) in the 
middle Great Plains eastern Russian varieties ripen earlier, as a rule, 
than the ordinary spring wheats; (5) in many places west of the 100th 
meridian, where wheat growing with other varieties is practically im- 
possible on account of drought, these varieties by virtue of their 
extreme drought-resistance will produce ordinarily a crop of from 12 
to 20 bushels per acre; by the use of these wheats, therefore, these 
localities may become actual additions to the wheat area; (6) in the 
larger part of the Great Plains where drought is less intense, but suf- 
ficiently severe to make the average yield per acre of common wheats 
quite low, these varieties increase the yield on an average one third 
or more. 


THE MARKET FOR MACARONI WHEAT. 


From a purely cultural standpoint—that is, the standpoint of yield, 
hardiness, ete., there 1s no question that the success of macaroni wheat 
growing in the Great Plains of this country is even now an estab- 
lished certainty. There is only the question of a market that concerns 

‘See Cereal Rusts of the United States, Bul. No. 16, Div. Veg. Phys. and Path., 
Dept. of Agr., pp. 28-40, especially pp. 33 and 40, Sept. 27, 1899 (illus.); also, The 
Basis for the Improvement of American Wheats, Bul. No. 24, Div. Veg. Phys. and 
Path., Dept of Agr., in column ‘‘ Resistance to leaf rust,’’ of table, pp. 44-58, Dee. 
10, 1900. 
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the farmer at present. It is a question, however, that ought to be 
capable of early solution. A market is likely to be realized in one or 
more of three ways: (1) By stimulating a foreign demand for the wheat 
for macaroni making; (2) by the development of a home demand from 
our own macaroni factories; and (3) by the use of macaroni wheat flour 
in bread making.* 

FOREIGN DEMAND. 


It is already known that certain French manufacturers of semolina 
desire to use macaroni wheat from this country, and indeed a consid- 
erable amount of the variety Wild Goose has been shipped to France. 
But at present there are apparently two chief obstacles in the way of 
extensive foreign shipments. First, the foreign factories have not 
been brought through proper middlemen to see what the grower has 
to offer. Second, there has been no systematic effort, as there should 
be, to send to these factories for inspection well-authenticated samples 
of our best grades of these wheats, with accompanying information 
as to the amount that can be furnished of each. 

French factories are quite ready at any time to use these wheats if 
they can get always a good grade. The demand for such wheat is 
shown by the following statements of United States Consul, John C. 
Covert, at Lyons, France:” 


It is estimated that the French output of these pastes is from 120,000,000 to 
170,000,000 pounds per annum, and the product is unquestionably destined to 
increase greatly. To Americans it may seem strange that the power to purchase 
wheat foods is only now becoming general in most of the civilized countries. Thirty 
years ago black rye bread was universally consumed by the working classes and the 
peasantry in France. Bakers tell me that they all sold rye bread up to about 1870; 
now it is rarely found in any bakery and is eaten only in the country. * * * As 
the use of wheat has become more general and the power to pay for it has grown 
correspondingly, it is but natural that a strong tendency to seek variety in its prepa- 
ration for food should exist. * * * The new and better methods for the manu- 
facture of the edible pastes, the knowledge of just the kind of pastes certain classes 
of wheat will produce, and the improvements in the heating and drying processes 
are coincident with the sudden and widespread increase in the use of wheat foods. 
The continued growth of this industry will depend upon the supply of special kinds 
of wheat, for a decline in consumption would immediately follow any attempt. to 
manufacture pastes of ordinary wheat. 

Paste makers are unanimous in the opinion that American wheats [i. e., common 
bread wheats] will not answer their purposes, but when one considers the almost 
endless variety of our soil and climate it seems that some locality must be found 
where a suitable wheat can be grown. What is wanted is a hard wheat [durum, or 
macaroni wheat, not ordinary ‘‘hard wheat’’] containing a large percentage of 
gluten and a relatively small percentage of starch. Our wheat is lacking in both 


Since the above was written facts have developed upon which a market for at least 
5,000,000 bushels can be safely guaranteed for the season of 1902. 

* Wheat for Alimentary Pastes in France. Consular Reports, 60: 468-470, No. 226, 
July, 1899. 
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these desiderata. * * * An American chemist, Mr. Edwin W. Serrell, now living 
near Lyons [France], has carefully investigated this subject and informs me that 
the wheat which is now considered the best is that grown in the neighborhood of 
Taganrog,’ Russia; the next is from Algeria. That produced in southern Italy, 
where the manufacture of pastes originated, has lost the high place it formerly held. 
The best wheat grown in France—considered better than the American product—is 
from the neighborhood of Clermont-Ferrand. 

Rapidity of growth and ripening is considered of prime importance in the produc- 
tion of the desired qualities in the wheat. These are the chief factors in the Taganrog 
product. If our farmers could produce such a wheat it would find more uses than 
in the pdtes alimentaires above referred to. There would be an excellent market in 
years of drought in Russia. 

Millers and bakers in France have found that bread is improved by putting into 
it a larger amount of gluten than is found in French or American wheats, and as a 
consequence very hard wheats—the Taganrog generally—are mixed with the others. 
These wheats can not be raised in France, but must be imported, and they are the 
only kinds which are always sure to find a market in this country [France], as the 
French farming community will always demand and are politically strong enough 
to secure a high protective tariff on wheat and other grain. 

Tf it be remembered that the French people eat more bread than any people in 
the world; that, generally, France needs very little ordinary wheat, but that she 
always will need a very considerable percentage of hard wheat? (hard is not under- 
stood in the American sense in France), it will at once be seen that there is a possi- 
bility of finding a large opening for American agricultural products in this country, 
not to speak of the great consumption of hard wheat in such macaroni and spaghetti- 
eating countries as Italy and Spain. Moreover, as the experience of the French has 
proved that an admixture of hard wheat, in small quantities, improves the’quality of 
the bread, it is reasonable to infer that this practice will extend to other countries,* 


further enlarging the market for hard wheats. 


The following words appear also in Consular Reports, 62: 300-301, 
March, 1900: 


Consul Skinner sends from Marseilles, December 1, 1899, the following copy of a 
letter from Messrs. Bendit Leinburger & Co., 21 rue Sylvabelle, Marseilles: ‘‘We 
are desirous of establishing connections with some first-class American grain 
exporters for the importation of American hard wheat into this market; and, as our 
efforts in this direction have thus far met with no satisfactory results, we make free 
to address you the present, in order to inquire if it is in your power to place our 
request before the proper party in the United States. 

‘*This description of wheat, commonly known as Goose * wheat, is in considerable 
demand in our market. It is employed by the millers in this district for the manu- 
facture of semolina, which is used in the production of macaroni, ete. It is better 
adapted for this purpose than any other quality of wheat. Russia, India, Africa, 
and to some extent Chile have been furnishing our market with this commodity 


‘Nearly all Russian macaroni wheat is known in France as Taganrog, simply 
because Taganrog is the chief point of export. Asa matter of fact some of the very 
best of this wheat is grown in the Volga River region. 

? Nearly all French wheat is very soft, much softer than our wheats, but imported 
wheats of the durum group are mixed with them for making bread. 

*In Eastern Russia macaroni wheats have been used in bread making on a large 
scale for many years, a fact not generally known. 

*Grown rarely in North and South Dakota, but in larger quantities in Canada. 
See Pl. I, fig. 5. 
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hitherto. A clear, yellow-colored, and well-cleaned wheat will always command 
full prices.’’ 

Mr. Skinner adds: ‘‘I have already communicated to Messrs. Bendit Lein- 
burger & Co. the facts set forth on page 400 of Consular Reports No. 230. There is 
no doubt that wheat of the quality described would meet with a steady demand in 
this market. I might add in this connection, however, that a local firm other 
than the one named above complains to me that certain transactions with American 
exporters proved unfortunate, because of the arrival of the grain in bad condition 
and not as represented by sample.”’ 


In 1899 Mr. James B. Simpson, of Dallas, Tex., being much inter- 
ested in.the statements of Consul John C. Covert above quoted, since 
it indicated a possible outlet for Texas-grown Nicaragua wheat, wrote 
this Department requesting its assistance in forwarding 2 bushels of 
this wheat to the United States consul at Lyons to be tested as to its 
fitness for use by French manufacturers of edible pastes. The letter 
was referred to the Department of State. It was accompanied by 
another letter, which was also printed in the Galveston News, and 
from which the following words are here quoted:! 


Believing that the wheat exactly adapted to the making of macaroni and similar 
edible pastes is that hard, flinty, glutinous wheat called in north Texas the Nicara- 
gua wheat, and seemingly almost indigenous to our black lands and warm climate, 
and knowing that there never was a failure in the growth of this grain in north 
Texas, and that such is its wonderful productiveness that an average of 50 bushels 
to the acre is made, I took occasion to write these facts to Mr. Covert. 

Mr. Covert became deeply interested in my letter, realizing at once the great 
possibilities to north Texas, and referred it to M. Edwin W. Serrell, a distinguished 
chemist of Chabeuil, France. That gentleman wrote in reply a letter of some six 
pages (too long to insert here), but substantially stating that if we could grow this 
character of wheat a practically limitless demand existed for it in Europe, and that 
it could readily be shipped through Galveston. 

Mr. Serrell further suggested that he be sent 2 bushels of this Texas-grown 
wheat for chemical analysis, which he would gladly make; and if it was as antici- 
pated, not only could France take all produced in north Texas, but that capital 
would quickly come from France to Texas, putting up here establishments with a 
yearly output of $18,000,000. 

Since I have taken up this grain matter, I have spoken with several farmers of 
Dallas County, who are unanimous in their opinion that we can grow to perfection 
in north Texas just the wheat required by this great European industry, and so 
satistactory would be found the profits that our black lands would advance quickly 
from 25 to 50 per cent in value. 


Letters of recent date have been received through the Department 
of State from the consuls at both Marseilles and Lyons, responding 
courteously to requests for certain information by this Department. 
In these letters reference is made again to the foreign demand for 
macaroni wheats. Consul Robert P. Skinner, at Marseilles, in a letter 
ot February 6, 1901, says: 

As to whether or not it would pay American farmers to export their wheats to 
France, I think there is no question. Buyers here are constantly looking for hard 


"See ‘American wheat for the manufacture of macaroni,’ Consular Reports 61: 
400, 401, No. 230, Noy., 1899. 
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wheats comparable to those exported from Russia to this market. It has been found 
impossible to grow these wheats in France, and the supply produced in Algeria is 
quite insufficient to meet local requirements. 


Consul Covert, at Lyons, also makes the following statement 
regarding the same matter in a letter of March 8, 1901: 


As to the European market for hard wheats, I am told by dealers that it will be 
able to absorb all that our country can produce. I know merchants in this city who 
would like to contract for handling large quantities of these wheats. 


The foregoing statements refer to France, only. Equal demands 
exist, no doubt, in Italy. Consul Joseph E. Hayden, at Castellamare 
di Stabia, Italy, also states in a letter of April 25, 1901, with refer- 
ence to Italian macaroni— 


In the manufacture of macaroni of the best quality a special kind of wheat is used 
called “hard wheat,”’ and for the making of cheap macaroni a mixed wheat is used. 
This mixed wheat is neither hard nor soft. Nearly all the hard wheat comes from 
Russia, but some comes from India, the Orient, Tunis, and Turkey. Italy would be 
a very important market for American wheat, either soft or hard. 


Again, in another place and more recently he gives a more extensive 
>) J 2S 
report on the subject,’ as follows: 


Aiter efforts covering a period of over two years, I have succeeded in demonstrating 
the fact that the very finest quality of macaroni can be made of American wheat. 
This has been declared an impossibility by those engaged in its manufacture here, 
and there are hundreds of establishments in this district. Up to the present time 
Russian wheat and wheat from the Orient have been used, together with Italian’ 
wheat, for the production of this article of food, the American wheat being consid- 
ered too soft. Through the cooperation of one of the largest establishments in this 
district it has been found that this conclusion was based upon the proverbial con- 
servatism of the people. When it is remembered that macaroni consists of wheat to 
the extent of 60 per cent, it will be readily seen that here is an opening for American 
wheat of no inconsiderable importance. It should be understood that while there is 
a tax on American wheat there is also a tax on all foreign wheat—7.50 franes ($1.44) 
for 100 kilograms (220.46 pounds). It should also be borne in inind that interna- 
tional freights covering transportation of grain from Russia, the Orient, and the 
United States are practically the same. 

I inclose extracts from a letter from one of the largest manufacturers in Italy and 
send also a sample of crude American wheat, with a sample of the wheat ground 
and a sample of macaroni made from the same.? It has been suggested to me that 
if the United States Government would admit free of duty, or at least at a lower 
tax than the present tariff, macaroni made from American wheat, a market for 
our wheat would be opened in competition with that of Russia and the East. The 
present tariff on 1,000 pounds of macaroni is $15, or 14 cents per pound; under the 
plan proposed 60 per cent of the said 1,000 pounds would enter free, leaving 40 per 
cent to be taxed at the present rate of 13 cents per pound, making on the 1,000 


‘American wheat for Italian macaroni,’? Advance Sheets of Consular Reports, 
No. 1071, pp. 1, 2, June 25, 1901. 

*The samples were transmitted to this Department together with a copy of the 
report. A portion of the wheat sample is true macaroni wheat, but a large portion 
is ordinary bread wheat, and the whole of it has been very poorly cleaned. If this 
makes good macaroni, as stated by the Italian manufacturer, our best well-cleaned 
grain will find abundant demand. 
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pounds a tax of $6 instead of $15. It should be remembered in this connection that 
the Italian manufacturer of macaroni under the scheme proposed would haye to pay 
freight from the United States to Italy, and also pay freight on the same wheat 
manufactured into macaroni and transported to the United States. 


EXTRACTS FROM LETTER OF DOMENICO ORSINI. 


Isend you herewith the result of my experiments in producing macaroni from 
American wheat. Up to this time, I am sure no Italian manufacturer of macaroni 
thought it was possible, believing it necessary to use a mixture of either Italian and 
Russian wheat, or of wheat from the Orient and Tunis. I now put in your posses- 
sion the accomplished fact, which will serve to open up in Italy a wide market for 
American wheat. America imports macaroni from Italy, mostly from this district. 
The wheat used, samples of which are here inclosed, is known as ‘‘ unfaleated wheat,”’ 
and was purchased by me in New York City. You will notice the rich golden color 
of the macaroni, and as to its consistency, I would note that it can be cooked in one- 
half the time consumed in the preparation of the macaroni now in use. 


Not only is there a great demand for such wheats in southern 
Europe, but American macaroni wheat las already found its way to 
that market in small quantities. It is chiefly the Wild Goose wheat, 
exported mainly from Canada. Concerning this matter the following 
statements are made in the report for 1900 of the Ontario Agricultural 
College and Experimental Farm:' 

There has been a considerable demand in Italy and France for the Wild Goose 
wheat within the past four years. One firm alone in Toronto exported in all about 
600,000 bushels of the Wild Goose spring wheat in 1899. About one-half of this 
went to Italy and the other half to France. It is estimated that nearly 90 per cent 
of the Wild Goose spring wheat which is shipped from Canada is used for the manu- 
facture of macaroni. The price of the Wild Goose for export purposes will likely 
vary somewhat from year to year, as our keenest competitors are Russia, India, and 
Turkey. If the crops of these countries are good, the quantity which is shipped 
from Canada is correspondingly reduced. It is thought, however, that there will be 
a good demand from the Mediterranean and from other continental ports for Ontario 
grown Goose wheat for a long time, providing the quality is good.” 

But if such sales have been made and are being made of this Canada 
grown Wild Goose wheat, the prospects should be very hopeful for a 
constant foreign demand sufficient for the disposal of all the Kubanka 
and Gharnovka (or Arnautka) wheat that can be grown for several 
years in North and South Dakota, Nebraska, and Colorado, where the 
quality of the grain produced is already known to be superior, the 
product being much more uniform and usually free of soft grains. 
This leads naturally to a discussion of the necessary character of the 
grain required. 

QUALITY OF GRAIN DEMANDED. 

As already stated in another place, a clear, almost translucent, very 

hard, yellowish grain is, in a general way, what is required in the for- 


‘Twenty-sixth An. Rept. Ontario Agr. Coll. & Expt. Farm, p. 102. 1900. 
*Tn a letter of very recent date Consul Skinner reports that 100,000 tons (34 million 
bushels) of this wheat has arrived at Marseilles from Canada since March 1, 1901. 
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eign market, just such a grain as can unquestionably be produced, too, 
and is being produced in the greatest perfection in the northern States 
of the Great Plains. It is also especially important that there shall be 
no admixture of soft or otherwise inferior grains, but that the entire 
crop shall be uniform in the quality of grain. It is because of lack of 
attention to these requirements and occasional careless inspection of 
grain in this country that there has not been even greater demand than 
now exists for our wheats. Consul Skinner offers some suggestions of 
warning in this connection which are of special value, as he is situated 
at Marseilles, the chief port of entry for macaroni wheat imported 
into France. His statements are as follows: 


(1) In letter of February 6, 1901: One of the manufacturers in this city has very 
recently been called upon to test a shipment of Goose wheat from Manitoba, and 
mentioned to me the other day that the result was extremely unsatisfactory, as the 
quality of the grain was not even, a large percentage of the kernels being suffi- 
ciently hard, and the remainder not harder than ordinary winter wheat. (2) Con- 
cerning grain inspection:' Three protests have been formerly lodged with me in 
regard to the condition of a cargo of wheat arriving from New Orleans; a like com- 
plaint has been made against wheat from Galveston, and an English trade paper 
noting a communication from its Marseilles correspondent, says, ‘‘We may add that 
London importers have been making similar complaints.’’ These facts suggest that 
whatever accuracy the criticism may possess, they are not confined to an isolated 
case or to a single city. As my correspondents explain, wheat from New Orleans is 
purchased in Marseilles on the faith of the certificates of inspection issued by the 
board of trade of that city. The exporter appears to have no responsibility for 
quality of the grain beyond the production of an ‘‘ official”’ certificate of inspection, 
which being in proper form binds the buyer to accept the consignment. It necessa- 
rily follows that unless the trade organizations issuing certificates exercise proper 
care in making the statements conform to the facts, they must lose credit and drive 
business into other channels. 


Mr. Skinner also emphasizes the desirability of submitting standard 
samples of each year’s crop at Marseilles in the following words: 


Many American cereals are unknown here. I have conversed with several brokers 
who say that if they had samples of the new American crop they could make sales. 
This difficulty could be overcome and a step in advance of every other grain export- 
ing nation would be taken if our produce exchanges, notably at Chicago and New 
York, would send to this market annually, after the new crop is in, a complete set 
of standard samples. To reach the trade of Marseilles, two sets should be sent—one 
to the Chambre Syndicale des Minotiers et des Fabricants de Semoules de Marseille, 
4 rue des Templiers, and the other to the Chambre Arbitrale des Cereales de Mar- 
seille, sitting at the bourse. The utility of the suggestion is shown by the fact that 
the French consul at New Orleans has forwarded some few samples to the Syndicate 
des Minotiers by request. Samples should be selected with scrupulous care, indorsed 
by the exchange sending them and sealed by the French consul, in order to be fully 
accepted here. The idea is applicable not only to cereals, but to cotton, oils, ete. 1 
am extremely desirous of having this matter considered and acted upon, and will be 
happy to see that samples are properly placed. 


1Tnaccuracy in American Grain Inspection. Consular Reports, 62: 303-305, No. 
234. March, 1900. é 
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In regard to the same matter of a guaranteed product being neces- 
sary to insure an extension of our wheat trade, the situation as con- 
cerns our export to Malta (where bard wheat is mainly used at present, 
coming chiefly from Russia) is stated by Consul John H. Grout, jr.! 
With special reference to a cargo of wheat and flour shipped direct 
from New York to Malta in 1899, he says: 

Uniortunately the wheat sent was not up to the standard required for military use. 
I have received a fair sample of it, and find it full of tares and unclean. The grains 
also are too small. This makes tue second time that wheat from the United States 
has been received and each time it was below the standard. I wish to state asa 
result of my recent investigations on the subject, that although there is every chance 
for our wheat to gain this market, no headway will be made with such qualities as 
have thus far been received. It is utterly useless for our shippers to send wheat 
that will not come up to the requirements. I know that we have the required 
article, and it only rests with those desirous to secure a market here to send large 
samples first and then, if accepted, to send wheat equal to the samples. * *.* 
Mr. Turnbull, of Turnbulls jr., & Somerville, Valleta, recently said to me: ‘‘We have 
large dealings with the Government here and desire to secure an American brand of 
wheat that will be acceptable. We desire to do business with some responsible 
American firm that will send us samples of wheat up to the standard, and that will, 
if we order from them, send us wheat up to the sample.” * * * 

In sending samples one thing must be strictly remembered, and that is not to send 
poor wheat. At Malta the question is not cost, but quality. There are several good 
firms here that are ready to deal with our exporters. Among them are the firms 
above mentioned—C. Breed Eynaud & Co. and S§. Scicluna & Son. The latter firm 
has for some time been trying to get some samples of American wheat of good quality, 
but thus far has not succeeded in securing what is most desired.2 

Whatever we may think of the justness of the above criticisms, the 
Suggestion of Consul Skinner that certified samples of each year’s crop 
be placed with chambers of commerce at Marseilles and other ports is 
manifestly of the greatest importance. Sucha course will be particu- 
larly effective in securing a quick market for our macaroni wheat, and 
the writer would urge upon our produce exchanges and boards of 
trade the desirability of carrying out such a plan at once after each 
harvest. Let the samples be in duplicate or triplicate for each foreign 
market, and be large enough and of sufficiently average character to 
represent the crop as accurately as possible. Duplicate samples with 
corresponding numbers should be kept by the home association, of 
course. Then, what is still more important, let no consignment be 
permitted that is not ‘‘up to” sample sent. It is absurd to think that 
anything is gained in making a shipment inférior to the sample on 
the basis of which the purchase price is paid; but, on the other hand, 
the entire market may be lost because of a few shipments of that 


* American wheat at Malta, Consular Reports, 60: 479, 480, No. 226, July, 1899. 

* For further discussion of this subject see testimony of Frank H. Hitchcock, Chief, 
Section Foreign Markets, before the Industrial Commission; Foreign Markets for 
American Agriculfural Products, Rept. No. 67, U.S. Dept. Agr., Washington, 1901, 
pp. 32-42. 
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kind. The importer should be able to buy by sample with positive 
assurance of getting just what he has ordered. The slight changes 
that are undergone in storage or long transportation are soon under- 
stood by the experienced dealer. In the purchase of these macaroni 
wheats especially no dependence can be placed upon a mere state- 
ment of grades without accompanying samples, for three reasons: (1) 
Because these wheats are in this country a new factor to the grain 
inspector, who can not yet grade them understandingly; (2) there is 
at present a grievous lack of uniformity in grading even our ordinary 
wheats; and (3) the manufacture of semolina for macaroni requires 
certain qualities in the grain that are not usually considered in ordi- 
nary @rain inspection. 

In all tests that have so far been made of American macaroni wheats 
by the semolina manufacturers of France the results have been fairly 
satisfactory, it being stated in several instances that the semolina is 
fully equal to that of the Taganrog wheats. But these tests have been 
made almost wholly with Texas and Canadian wheats, which are 
apparently inferior to those grown in the northern and middle Great 
Plains. The writer firmly believes that when the North and South 
Dakota macaroni wheats shall be thoroughly tested in foreign factories 
they will be acknowledged to equal in quality any other wheat of that 
kind in the world. 

In an article entitled ‘‘ Wheat for edible pastes in France,” Consul 
Covert reports to the State Department’ the results of tests made of 
the 2 bushels of Nicaragua wheat sent to him by Mr. James B. Simp- 
son, as already noted.” Messrs. Gilibert & Teziers, Valence, France, 
reported upon a package sent them as follows: 

Macaroni can be made out of this wheat, but of an ordinary quality, because it 
can not contain a great deal of gluten. It contains considerable soft wheat, and 
some of it is mouchetés; that is to say, black about ends. It seems to us that wheat 
more evenly hard and not mouchelés ought to be grown in Texas. The wheat which 
we want would bring at Marseilles about 18 franes ($3.47) per 100 kilograms (220.46 
pounds). : 

Another package sent to Mr. Edwin W. Serrell, at Paris, was given 
to an expert for examination, who reported as follows: 


. ITS FORM. 


Long grains, indicating a high average of gluten. A horny or corneous form; the 
best variety of hard wheat. It is, in fact, very hard. 

Grains regular in size. 

But very little impurity; a few grains of tender white wheat. 

Unfortunately there are a few spotted grains. This defect, which ought not to be 
inherent in the quality, diminishes the value somewhat, for it will necessitate 
more time for sifting to eliminate the black spots from the semolina. 


1 Wheat for Edible Pastes in France. Consular Reports. 62: 301,302. No. 234. 
March, 1900. 
* Page 31. 


’ 


FOREIGN DEMAND. Ave 


ANALYSIS OF THE GLUTEN. “ 


Paste very rapidly obtained.” 

Gluten very easily separated; very homogeneous and elastic. The analysis shows 
damp gluten 30 per cent; dry gluten 10 per cent. 

These proportions oecur only in the superior grades of hard Russian wheat. 

With well sifted semolina there could be made from this wheat edible pastes carry- 
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ing 13.33 per cent of gluten. This wheat would therefore make the best quali- 
ties of edible pastes. 


Mr. Covert adds: 


The above report coming with Mr. Serrel’s indorsement should leave no doubt as 
to the value of pastes, for no man in Europe is more competent than he to pronounce 
an opinion on this subject. 

The gentleman to whom I sent specimens of this wheat in Marseilles reported ver- 
bally that it would find a ready market in that city at 16 francs ($3.08) per 100 kilo- 
grams. Dealers have been one week investigating this subject in Marseilles. Their 
first report was favorable. This morning they confirm the first opinion. 

While the above reports are in the main favorable, the considerable 
number of grains with black ends is a detriment. These grains were 
noted by the writer in samples from the same source sent to this 
Department for the Paris Exposition of 1900, and were at once con- 
sidered to be the result of being grown in a locality a little too damp. 
In Russia macaroni varieties when grown in a locality too damp like- 
wise deteriorate in the same manner. The use of Taganrog wheat for 
seed in Texas, as suggested by the French manufacturer,’ would there- 
fore probably make little difference. The defect will no doubt best 
be overcome, as the writer has before suggested, by growing the wheat 
farther westward, in the region between Wichita Falls and Abilene. 
The present Nicaragua wheat area in Texas, if extended over one-half 
its width westward, would furnish a quality of grain much superior 
to what it now produces. At the same time it would add to the gen- 
eral wheat area of the State thousands of acres of semiarid lands at 
present supposed to be unsuited to wheat culture, but which would 
yield a good average crop of this wheat because of its drought resist- 
ance. ‘The writer has observed that this wheat, when grown in eastern 
Colorado or extreme western Kansas, produces a grain as clear, hard, 
and yellow as the east and south Russian wheats. 

As the traffic in macaroni wheats increases it will be necessary to 
construct special elevators for handling them. It is plainly impossible 
to handle these wheats and the common wheats together, as each would 
ruin the other by the mixture. There ought to be, and probably will 
be, a sufficient amount of these wheats grown in the next five years to 
justify the construction of several large terminal elevators at such 
points as Galveston, Chicago, and Minneapolis, in addition to various 
smaller local elevators, all of which will handle only macaroni wheats. 


‘See ‘‘Wheat for edible pastes,’’ by John C. Covert, Advance Sheets of Consular 
Reports, No. 668, pp. 5, 6, March 3, 1900. 
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POSSIBILITY OF A HOME DEMAND. 


While the prospects are very good for a foreign market for these 
wheats sufficient to utilize probably all that we can produce for several 
years, an excellent market is also likely to he developed sooner or later 
in our own macaroni factories. At present all these factories, with 
rare exceptions, use the flour of common bread wheats in their opera- 
tions. Of course this is chiefly due to the fact that heretofore it has 
been impossible to obtain true macaroni wheats in this country, and it 
is considered impracticable to import them. Most of the factories 
realize the importance of using the semolina of such wheats as soon as 
they can obtain it in sufficient amount and of good quality. It will 
certainly be of the greatest advantage to the factories as well as to the 
growers to establish trade between them in the use of these wheats. 
The factories will thus be able to obtain either the wheats or semolina 
made from them at much less cost than the imported material, and the 
farmers will have the benefit of a quick home market. 

Another strong advantage in using these wheats in our”own factories, 
and which aapeeilly affects the consumer, lies in the fact that the 
homemade product, other conditions being sie is always much better 
from the standpoint of simple freshness. We all know how much 
better fresh bread is than old, and what a nutty flavor newly-made 
flour gives to the bread. These facts apply with even greater force 
in macaroni making. All imported macaronis must of necessity have 
lost a large per cent of their flavor, and as the homemade product is 
made almost entirely from common wheats, it follows that the majority 
of American people really have never tasted the very best macaroni. 

More than all else the use of macaroni as a food is far from general 
in this country, and should become more popular. It isa comparatively 
rare fooa with us. As already quoted in another place, in France 
alone the annual output of edible pastes is estimated at from 120,000,000 
to 170,000,000 pounds. <A considerable amount of this is of course 
exported, but there remains an enormous amount which is consumed 
in France. These pastes are among the most common and popular 
foods in that country. The same may be said of Italy. Let a suf- 
ficient amount of good wheat be grown and our factories begin pro- 
ducing from these wheats its best article possible, in a variety of 
forms, and there is no good reason apparent why such foods should 
not soon rank in popularity with our breakfast foods. 

Concerning the question of a home demand for macaroni and maca- 
roni wheats, Consul Skinner writes as follows: 

While the cultivation of a hard wheat suitable for the manufacture of macaroni for 
export to Europe is a matter of great importance to our people, I consider of equal 
importance, if not greater, the creation of a demand in the United States for a maca- 
roni for domestic consumption. Macaroni in southern Europe takes a hundred dif- 
ferent forms, and constitutes a staple article of diet that is cheap and palatable. Its 
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possibilities in America are quite unknown, and macaroni in its most ordinary form 
is consumed in a very small number of families. Nor are these facts the result of 
popular ignorance entirely, for macaroni and semoule, to be good, should be manu- 
factured in the country of consumption, as the deterioration in quality sets in even 
a few weeks after production. It necessarily results from this that the macaroni 
exposed for sale in American shops and imported from Europe is stale and tough, 
and therefore littlein demand. I have no doubt you have seen, as I have frequently, 
large cases of bulk macaroni exposed to the air for weeks in small grocers’ shops. 
What is true of macaroni isstill more so of the semoule or flour from which macaroni 
is produced. This flour is ina moist state, and could not be used by the French man- 
ufacturers of first-class macaroni two months after grinding, and in most cases goes 
directly from the mill to the factory. A few importers do succeed in packing 
semoule in tight cases, but even with these precautions it loses much, and the 
demand for it in the United States is trifling indeed. 

Similarly, Consul Covert makes the following statement: 

But an important market ought soon to be created for them (macaroni wheats) in 
the United States. The edible paste factories make paste of hard and soft wheats 
with the same machinery. Soft wheat, however, is most used in Belgium and in 
the Vosges, a department in France. The best pastes are made with hard wheats. 
The use of edible pastes is steadily increasing in Europe and there is no reason why 
the same should not be true of the United States. It is acommon article of food in 
the wealthy families of this country and is of daily use among the poor. It is 
cooked with meat, cheese, vegetables, and in various forms used in soups and sauces. 
The French paste makers are said at present to lead the world in this product, and 
if Americans expect to obtain the custom of our country which now goes to France 
they should lose no time in using only hard wheats. The same identical machinery 
is used whether the wheat is hard or soft. 


KINDS OF WHEAT NOW USED RY OUR FACTORIES. 


There are at least fifty rather large macaroni factories known by the 
writer to exist in the United States, and no doubt there are many 
others. With a number of these factories the Department is in 
regular correspondence, and has found the manufacturers, with few 
exceptions, to be fully awake to the advantages of using macaroni 
wheats and desiring to obtain semolina from such wheats wherever 
they can do so. In the absence of such wheats it is interesting to 
know that they almost invariably use the very hardest red wheats 
that are grown in this country, chiefly Kansas hard winter and the 
hard spring wheats, which is in itself virtually an admission on their 
part that the harder the wheat the better. The following extracts 
from a few letters show fairly well the trend of opinion among the 
mills and factories along this line: 

(1) We are now using a mixture of hard Kansas wheat and the hardest grades of 
winter wheat that we can obtain in this vicinity for our macaroni purposes. This 
makes a fairly good article of macaroni, but we have no doubt but that the true 
macaroni wheat would make a superior article. We have never been able to obtain 
the same, and if we could now get a supply of this wheat we should be very glad, 
indeed, to do so. Any information that you can give that would assist us in getting 
this wheat would be highly appreciated. * * * Inthe meantime could you tell 
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us where the name Arnautka! wheat comes from. We had never before heard of 
wheat under that name, but recently have had some correspondence with a party in 
North Dakota who raises a wheat called Arnautka, and from a sample we are satisfied 
that it would be just what we wanted for macaroni purposes. (2) I have given the 
subject of macaroni flour special study, and asa result have on hand more than twenty 
different samples of wheat flour sent me from Europe. In my estimation there is 
nothing like it raised in this country, and I am certain that if it should be raised 
there would be a good market for it among macaroni manufacturers. We are using 
at present the bread flour manufactured by the Minneapolis mills, which gives very 
satisfactory results, but not equal to the imported Italian macaroni. There is no 
question in my mind that if the American farmer produces it he will receive a pre- 
mium for the right kind of wheat formacaroni. Kindly inform us where this partic- 
ular wheat is being raised in the United States, and in what quantities. If at any 
time you come across an enterprising miller who will grind macaroni wheat and is 
willing to cooperate with the manufacture of it into macaroni, kindly refer him to 
us. We will be always ready to manufacture from that high gradeof wheat. (3) We 
are using in our factory flour, and have also used farina, which we get from districts 
where they raise the hardest spring wheat, and the result has been very satisfactory, 
it being equally as good as the imported. (4) We find the flour which gives us the 
best results is that which is made from wheat grown in northern Kansas. This 
wheat is very hard and contains a very large percentage of gluten, which is neces- 
sary for a good macaroni. (5) I only use in the manufacture of the goods the best 
grade of spring-wheat flour, preferably of Minnesota wheat. (6) We agree with 
some other manufacturers that so-called Taganrog wheat is slightly superior to the 
American wheat, it having more gluten; and again we know it to be a fact that a 
hard spring-wheat flour, if properly used, produces goods that are equal to imported 
and only an expert can tell the difference. * * * Weare using the high grades 
of spring and winter wheat flour. (7) We are using the ordinary bread wheats 
called ‘‘Kansas hard wheat’’ for the manufacture of macaroni, which has proyen 
quite satisfactory, but not of a quality equal to the true macaroni wheats. * * * 
The macaroni wheat is, of course, much superior to the ordinary bread wheat in the 
production of macaroni, and if the flour could be produced at a reasonable price a 
much superior article could be produced and the industry stimulated in a correspond- 
ing degree. (8) We would be only too pleased to use it (macaroni wheat) in pref- 
erence to other wheat flour; for we feel confident that with the improved American 
method, and using Taganrog flour, the American product would be superior to the 
imported article now used in this country, and we heartily approve of your ideas in 
experimenting and raising an American product. (9) All the manufacturers here of 
macaroniand all grades of the Italian paste, with the exception of one, use the grade 
of flour manufactured from wheat grown in the arid section of northwestern Kansas 
and known as the Russian hard winter wheat. * * .* Macaroni made from ordi- 
nary wheat will not do. This has been demonstrated time and again. Of course 
macaroni can be made and the goods will have a limited sale; but to insure success 
in that branch of manufacturing industries the quality of wheat must be such as to 
insure satisfaction to the patrons. We have an idea that the wheat which was 
introduced here some time ago from Nicaragua, and which was turned down by all 
the mills that had given it a trial as being worthless, is just the quality adapted to 
the manufacture of macaroni. 


The above reports are from some of the most prominent man- 
ufacturers in that line in the principal cities where this industry is 
varried on. 


1As mentioned in another place, this variety is a macaroni wheat already grown to 
a slight extent in North and South Dakota, and which came originally from Russia. 
The derivation of the name is uncertain. 
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COMPARISON OF FOREIGN AND DOMESTIC MACARONI. 


It is rather difficult for one who is not an expert to compare the 
American and foreign products, especially since the foreign is neces- 
sarily quite old before it can be obtained, and therefore has deterio- 
rated more or less. There are in general these differences, however, 
which are usually quite distinct: (1) The foreign is yellowish, the 
domestic white or grayish white: (2) the foreign is more vitreous in 
fracture than the domestic; (3) the foreign preserves its shape longer 
in cooking than the domestic; (4) the foreign is more elastic and not 
sticky in chewing like the domestic. The word foreign must be under- 
stood here to apply to the best French and Italian products made from 
true macaroni wheats. Of course there is a considerable amount of 
foreign pastes made from soft wheats and really inferior to our own 
products. In actual kitchen trials of various samples it will be found 
that the product made from our hardest bread wheats, by virtue of 
improved methods of manufacture, is really very good, but always 
falls a little short of the foreign in quality. This being true, it is pos- 
sible that our best factories, using true macaroni wheats as grown in 
this country, would produce an article superior to the best foreign 
product. 

In the following table are shown such differences as exist between a 
number of various grades of macaroni from a chemical standpoint: 


TaBLeE 1V.—dAnalyses of macaroni produced from different wheats, results expressed as 
percentages. 
& p on Zs | Carbohy- 
Name ot neochals Stet RAR ebaiwntoh|/ Mole | rae, | CRUG] aan,” | Ere- |smates ty 
| | ence. 
Egg noodles ....... | Hard spring (with eggs) ..... | 9.27] - 4.36 0.31 0.71 15. 63 69.72 
Spaphetiicn. sess | Bread wheat, kind unknown.) 9.55 | 47 | sufi 57 | 12.68 76.06 
Macaronis-:< 2-220. |pooes GO eon eee wie ek 3 10. 20 .38 .52 -61 | 12.31 75. 98 
DOr -seciseeweres | Kansas hard winter.......... 10. 36 38 -O7 -Ol 12. 06 76.12 
Dog. ns sc seers Dakota and Minnesota....... 10. 24 43 Seyi .43| 11.06 77.47 
Sparhetiiis: ..2s) se lee seo UOT sad c See See | 10.15 44 37 44 2. 63 75.97 
Mezzanieos2225 25% Minnesota spring ............ | 10.20 | se 38 32 | 12.56 76.32 
Macaroni-®.. 222... Hard bread wheat............ 10.19 .42 37 -43 | 13.88 74.71 
Spaghetti.:........ JE Wits Biola Yt one ee 10.15 19 -40 | .56 | 18.44 75. 26 
DORs sees Kansas hard winter...... Sea} | LOS06 56 .30 | -47 | 12.56 76. 00 
Macaroni....-..... We OOS e ed Se ee 10.06 | 46 49 | 45 | 12.63 75.91 
Macaroni (artifi- | Hard spring .................. 9.44| .26 146 67 | 18.25 75. 92 
cially colored). 
Macaronicecse oss Mixed hard and soft bread 9.58 .19 -53 .eol Tae75 74.92 
wheat. ‘ 
Dosa se een Mixed Kansas hard and ordi- 9.79 -49 .38 .63 |} 12.63 76. 08 
‘ nary winter. 
Macaroni (splits |....- (Okuyama ee An OT ee 10.00 .40 37 5624 612075 75. 86 
easily). 

Macaroni (very | Hard bread wheat............ 9.73 45 .38 -48 } 14.06 74.90 


large). | } 
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TasLe 1V.—Analyses of macaroni produced from different wheats, results expressed as 
percentages—Continued. 


Sameot pratt, | Kid of wheat sromwhien | Mois) yg, | Crude gn, | Pam Ome 

ence. 

Macaroni « (genu- | Unknown. -.----225-/..--..-- 10.05 24 - 50 -65 | 13.06 75.50 

ine Italian im- 
ported). 

Macaroni.........- Grown to Order sec. . 420.2 <)- 9. 91 -49 .39 .44) 12.06 76.71 
DOzadiscahewsse Pillsbury’s best flour......... 9.61) .58 .38 -43 | 13.81 75.19 
DOres< aes True macaroni wheat grown | 10.50 75 22 .00 | 17.138 70. 90 

to order, 

Mezzanil 2 s.Ss2 ie. Imported Taganrog....--...-- 10. 25 .58 «22 64 | 10,19 78.12 

Macaroni fi22e- ee Best Minnesota spring......-. 10, 29 67 23 .43 | 12.38 76.00 

Macaroni (genu- | Unknown .................... 10, 02 .39 .20 of1} 12:28 76. 38 

ine French im- 
ported). 

Mezzani (genu- | American mixed durum and 10. 88 41 .23 .53 | 11.50 76,43 

ine Italian im- bread wheat. 
ported). 
MaGaronies acenseee | Bread wheat, kindunknown.| 11.85 .40 a2 -52 | 10.06 76. 87 


These analyses were made by the Bureau of Chemistry of this 
Department, and include 21 domestic samples of macaroni and spa- 
ghetti, a sample of French and two of Italian production, and a sample 
of egg noodles. As already mentioned, it will be noted how much of 
these pastes is made from our hardest bread wheats, in the absence of 
the proper durum wheats. It isan indication of the fact that the very 
hardest wheats are required, and therefore the sooner the real durum 
wheats can be obtained the better for the factories. Comparing this 
table with Table V it is seen that the average protein content of these 
samples is considerably less than that which could be obtained from 
true macaroni wheats if they were used instead. The difference is 
even greater than here shown, however, since in Table V only the 
albuminoids are given, while in Table IV the entire protein content is 
given. In connection with these facts it is interesting to note that the 
one sample, only, made from true macaroni wheat, * shows a protein 
content at least 2 per cent higher than the best of the others, and a 
correspondingly low percentage of carbohydrates. The protein content 
of the egg noodles is of course increased by the addition of egg. Of 
still further interest, and much importance to us, is the fact of the 
high protein content of the Arnautka wheat from North Dakota, men- 
tioned under remarks in Table V. 

The gluten content of these macaroni samples was also determined, 
but on account of the great changes in the gluten effected in drying 


'The writer has examined this wheat and knows it to be a good quality of real 
durum wheat. It is the oniy instance in this country known to the writer where 
macaroni is already being made from durum wheat, though one other factory is pre- 
paring to put out a produét from the same class of wheat. 
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the macaroni during its manufacture, these results are entirely mis- 
leading and of no value in this connection. 


PREPARATION OF SEMOLINA. 


Macaroni factories, with few exceptions, obtain their flour or semo- 
lina already prepared. In this country, while the bread wheats are 
being used, it is a comparatively simple matter, the flour being obtained 
from the ordinary flour mills. In Marseilles the preparation of semo- 
lina has become a special industry, and large establishments for this 
purpose have been formed, which stand in the same relation to the 
macaroni factories there that the flour mills here do to our bakeries. 
It has thus become an easy matter for the factories there to secure 
material ready prepared and always of just the right grade for the 
best macaroni. 

In this country just now, in connection with the development of the 
macaroni industry, one of the greatest needs is for a few enterprising 
millers to begin this same business of specializing in the manufacture 
of semolina from true macaroni wheats, in response to the demand 
that already exists among our own factories. To make the matter a 
success it should be begun in direct cooperation with certain factories 
who would agree to take all the semolina the mills could furnish, pro- 
vided it were always of the grade required. It is known to the writer 
that a number of factories would be glad to do this. On the other 
hand, with due notice of such a movement to the farmers and grain 
dealers, the necessary supply of excellent wheat will be forthcoming 
in good time; in fact, will probably be ready in sufficient amount for 
a good beginning after the coming year’s harvest. At the same time 
there is probably opportunity for considerable business in the sale of 
miscellaneous products from these wheats, such as flour for bread 
making, grits for breakfast foods, ete. 

Millers have usually been deterred from operating with such wheats 
because of the idea that it would involve too radical a change in their 
methods in proportion to the profits that would likely follow. It is 
probable, however, that the difficulties in the work are greatly over- 
estimated. From testimony of those who have investigated the mat- 
ter, it appears that the important thing is to know the nature of the 
semolina required. This being known, che methods of producing it 
are learned by practice, and may be carried out it seems, simply by 
the addition of moisture and slight modification or arrangement of the 
ordinary milling machinery used in making bread flour. Consul Skin- 
ner says concerning this matter: | 

The devices required for producing semoule are essentially the same as those essen- 
tial to the grinding of first-class flour, the main difference being that the grinding is 
less fine and that moisture is intrcduced. 


'In letter already quoted. 
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The following statements are quoted from a paper by Mr. Edwin W. 
Serrell, of Paris, an authority in this line, and transmitted to this 
Department through the Department of State by the courtesy of Con- _ 
sul Covert: 

Any American grist mill fitted with modern machinery can be made to do the work 
if properly handled. * * * The manufacturers in America have been making 
inferior pastes from soft wheats, and the millers may be trying to turn out something 
which is not the thing wanted for paste manufacture. If they have been trying to 
turn out flour for this purpose, then it is certainly the case, for flour is not what is 
used for the manufacture of high-grade edible paste. * * * Unless I am very 
much mistaken in so far as milling is concerned, what is needed, and the only thing 
needed, is a definite knowledge on the part of the millers of the exact nature of the 
product to be turned out, and of the arrangement of their existing machinery best 
adapted to its production. I may add that I think only very slight changes of 
method would be needed in American mills to enable them to turn out what is 
wanted, and that such changes would be rather in the operations than in the 
machinery. 


BREAD FROM MACARONI WHEATS. 


Aside from the use of macaroni wheats in paste making, the writer 
is confident that a large demand is in store for these wheats in future 
for bread making, not only in foreign countries where they are already 
seeking for such wheats for bread, but in this country as well. Let 
the use of these wheats once become general for making pastes and 
the people will soon discover their excellence for bread making as well. 
The evidence from actual experience in favor of these wheats for 
bread from the standpoint of both taste and nutrition is too great to 
be longer ignored. On the other hand, the objection to their use in 
this way from the standpoint of difficulties in milling operations will 
soon be found to be not well taken. If they are properly handled 
they can be readily ground into bread flour, though in some instances it 
may be found advisable to mix a small percentage of hard red wheats 
with them. There is no good reason why the much despised ** Goose” 
wheat of the Northwest may not yet rank well with the Fifes and Blue 
Stems even in the production of bread flour. At least four prominent 
flour mills in this country are now known by the writer to be grind- 
ing these wheats, and in absolutely every case of those so far known 
to the writer where bread made from the resulting flour has been used 
the parties now prefer it above all other kinds. It is found also that 
the grits made from these wheats make excellent breakfast foods. 

By far the largest amount of bread flour from macaroni wheats is 
manufactuted in the Volga River region of East Russia, the native 
home of the best varieties of these wheats, and it is in this region that 
‘the use of such flour for bread was first practiced on an extensive 
scaie. Besides being one of the largest wheat regions of Russia, it is 
also one of the most important milling districts, and yet a large pro- 
portion of the wheat used in most of these mills is the variety Kubanka, 
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a macaroni wheat. The mills are fitted in the most modern style 
with the Hungarian system of rolls, but invariably possess steaming 
machines for moistening and softening the grain. The bread of that 
region made from this wheat has become very popular, and the visit of 
every foreigner who is a lover of good bread increases its reputation. 
The famous bread of Moscow called ** Kalach,” as well as several excel- 
lent kinds in Odessa, are made from this wheat. There is a certain 
richness of flavor in such bread not found in other bread. But prob- 
ably the most important quality is that it will remain palatable so 
long, not drying out readily nor becoming stale. The colorof the 
flour and bread is yellowish, and indeed the preferred color of bread 
in east and southern Russia, and to a great extent in France, Greece, 
and Italy, is yellowish and not white. 

It will be proper to close this topic with a few remarks on the use 
of macaroni wheat flour for bread in France and the possibilities of 
extension of our foreign markets for wheat and flour in case we should 
erow this kind of wheat. Quoting still further Consul Skinner’s 
letter, he says: 

French bread to be satisfactory must be made of mixed flour, and consequently 
until popular taste undergoes a radical change, and irrespective of the amount of 
wheat grown in France, there will always be a market for a really hard wheat, in 
the first place to supply the requirements of semoule manufacturers, and in the sec- 
ond place to supply flour for mixing. What is true of France is largely true of the 
entire Mediterranean country, and the farther East one goes the greater is the desire 
for hard wheat. In Greece, for example, the bread is manufactured exclusively from 
hard wheat, and there is a pretense that it is more nutritious and palatable on this 
account. It has the further advantage of remaining fresh for a longer period, being 
said to be as good at the end of a week as the day after baking. Right here in Mar- 
seilles a special loaf is manufactured for sandwich purposes, and the delicate slices, 
I know from personal experience, remain fresh for from twelve to eighteen hours 


aiter they have been cut. My recollection is that our American bread hardens very 
promptly after the loaf is cut. 


CULTIVATION OF MACARONI WHEATS. 


In a general way the methods to be employed in the cultivation of 
macaroni wheats are similar to those required for the best results with 
any other wheats. Early plowing, thoroughness in preparation of the 
seed bed, early seeding, and all those other principles of prime impor- 
tance in general wheat culture are perfectly applicable in the culture 
of these wheats. The chief thing to be kept in mind is that with 
macaroni wheats some of these principles need special emphasis. 
Since these wheats are to the farmer of special value for growing in 
semiarid districts, the principles needing particular emphasis are the 
same that are to be observed in all wheat growing in such districts. 


PREPARATION OF THE SOIL. 


As rapidity of growth and ripening seems to be one of the requi- 
sites for the production of a good macaroni wheat grain, these wheats 
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are pretty generally used as spring wheats, for in districts of short 
hot summers the winters are usually too severe for growing winter 
wheats.’ All plowing should therefore be done the previous summer, 
if the wheat is not to be sown on a summer fallow. The plowing 
should be rather deep. Thenafterwards it should be lightly cultivated 
once or twice before winter. It is particularly important to disk lightly 
or harrow as soon as practicable after a heavy rain. After the alter- 
nate freezing and thawing of the winter and further spring cultivation, 
the ground will be in excellent condition for seeding. Seeding should 
be done as early as possible, just as soon as the ground can be put in 
good condition after the frost is out. Early seeding will promote 
early ripening. 


METHODS OF SEEDING. 


All the tillage of the ground after the original plowing, up to the 
time of seeding, should be such that only the portion near the surface 
is cultivated, while the portion below remains compact and in condi- 
tion to hold as much moisture as possible. All experience in wheat 
culture is so full of evidence in favor of the use of the drill, that it is 
hardly necessary to say that seeding should be done with that machine. 
There is special reason, however, for seeding only with the drill in 
growing these wheats in semiarid districts, and not only that but for 
the use of a particular kind of drill. It must be remembered that we 
are preparing to resist drought—possibly intense drought—and while 
we are using drought-resistant wheats, which will make all the better 
grain, too, because of the drought, yet in order to make a crop at all 
we should aid the wheat by taking all the steps possible to conserve 
and utilize the little moisture that falls. A drill should therefore be 
used which is a sort of combination of the press and lister drills. 
That is, in addition to the listed furrow, the grain should be put down 
still deeper, and the soil compacted around it as in case of the press 
drills. Then the depth of the furrow and the fine dirt rolling in from 
above will combine to protect the moist earth below from evapora- 
tion, and at the same time the dry south winds will not be able to blow 
the dirt away from the roots or what is worse blow the wheat itself 
out of the ground. ‘The rate of seeding per acre should be about the 
same as with other wheats. These wheats do not stool as much as 
ordinary wheats, but produce all the better heads by not doing so. 


CARE IN HARVESTING. 


It is important for producing a perfect quality of grain that maca- 
roni wheats should be harvested at just the right time. They should 
be entirely ripe, and harvesting should not be done in damp or even 
cloudy weather, if it can be avoided. The brighter the sunshine and 


'These may be grown as winter wheats, however, as far north as southern Kansas. 
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drier the air the better. In east Russia the peasant farmers (PI. VII) 
even go so far as to practice reaping only at certain hours in the hot- 
test part of the day, claiming that the quality of the grain is made 
more perfect in that way. 


EFFECTS OF LOCAL VARIATIONS IN SOIL AND CLIMATE. 


All macaroni wheats are extremely sensitive to changes of soil and 
climate. This fact will account for certain peculiarities in the quality 
of the grain that have already been noticed by growers occasionally in 
this country. Samples are now and then received by this Department 
in which the grains are partially soft and white. These are from crops 
grown either under damper, cooler conditions, or in places where there 
is comparatively little nitrogen in the soil. The requisite conditions 
for a perfect grain are a black prairie soil and short, hot, dry summers. 
On the whole, changes of climate appear to have a greater effect than 
changes of soil, but if the soil becomes almost bereft of humus the 
grain shows the effect plainly by becoming more opaque and white, 
because of the preponderance of starch. If in this case the climate is 
at the same time arid, the grain remains rather hard, but simply 
because of its dryness. If the soil is black and rich and the climate too 
moist, there is considerable discoloration and black ends (mouchetés) 
may show themselves. Two or three good rains are sufficient to 
mature a crop. Otherwise, the drier and hotter the better, while a 
humid atmosphere can not be tolerated. 


VARIETIES. 


From 50 to 75 so-called varieties of durum or macaroni wheats have 
been described by different writers. If we include with these a num- 
ber of others that have not been mentioned in print, there are prob- 
ably a hundred or more varieties already known to be in use under 
distinct names. <A very critical study would be necessary to deter- 
mine how many of these are identical with each other. Durum wheats 
of nearly a hundred different descriptions are now under experiment 
by this Department, and many more will be added before the end of 
this year. Though the larger number of varieties are, in practical 
use, of minor importance, there are a few having well-marked charac- 
teristics, and which have attained a high reputation. As some of 
these varieties are likely to furnish the larger part of the entire maca- 
roni wheat production of this country for a number of years at least, 
it will be advisable to describe them briefly here. 


GHARNOVKA. 


The variety which is the basis of a very large part of the macaroni 
wheat export from the Azov Sea region is the Gharnovka. Consider- 
able confusion exists concerning the names of these Russian macaroni 


48 MACARONI WHEATS. 


varieties, and even the statements of grain experts occasionally con- 
flict with each other. But it is certain that the name Gharnovka is 
most generally applied to the usual variety grown throughout this 
region. The wheat itself hasa medium long, square, dense, yellowish- 
white head, while the beards are dark and very long. The grain is 
quite large, light yellow in color, and rather translucent and vitreous. 
There are several different strains even of the Gharnovka recognized 
in the Don territory. Probably the best of these is the Yellow Ghar- 
novka, which has a grain of a deeper yellow than the others. The 
best quality of Gharnovka seems to be grown in the district between 
Kerch and Berdiansk. <A good quality is occasionally obtained also 
in the Eisk district just southeastof Rostov-on-Don. Both the Ghar- 
novka and Yellow Gharnovka have recently been obtained and dis- 
tributed by this Department. This wheat is admirably adapted to such 
districts as Kansas, Nebraska, Oklahoma, and eastern Colorado. It 
will probably prove to be one of the best durum wheats for the middle 
and southern Great Plains, as well as for New Mexico and Arizona. 
Gharnovka is being grown this season by the New Mexico Agricul- 
tural Experiment Station, and so far gives promise of excellent results. 
A photograph of the wheat in the field (Pl. VIII) is kindly furnished 
by Prof. J. J. Vernon . 


ARNAUTKA. 


The two terms by which Russian macaroni wheats are usually 
known outside of that country are Taganrog and Arnautka. The 
former term is entirely meaningless. It does not correctly designate 
a special variety at all, but may refer to any wheat in east or south 
Russia, even to wheats that are not of the durum group. Arnautka is 
properly the name of a special variety, but is also often applied in a 
too general way. It is apparently not grown to so great an extent as 
Gharnovka, but it is nevertheless one of the best varieties of south 
Russia. So far as the writer can determine, what is properly called 
Arnautka is a wheat having heads of a light red color, with a bluish 
bloom and very long reddish beards. The grains are very large and 
long, and when grown under favorable conditions are a clear yellow, 
extremely hard and vitreous. This and Gharnovkaare the two varie- 
ties which have given Russia its reputation for macaroni wheats, 
although one or two other Russian sorts are probably even better than 
these for making that product. Arnautka is the name always most 
familiar to Americans in speaking of these wheats. It was one of the 
first durum wheats to be introduced into the United States. The first 
importation was made by this Department in 1864, but the possibility of 
its future use with us as a macaroni wheat was then never thought of, it 
seems. It was grown occasionally for many years afterwards, but meet- 
ing with much opposition its cultivation was finally abandoned. The 
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variety has, however, been imported occasionally for seed up to the 
present time. The writer has so far seen nothing but the grain of the 
variety now grown considerably by the farmers of North and South 
Dakota under the name Arnautka, and can not say whether it is the 
same as that above described or not. This variety is well adapted for 
cultivation in Kansas, Colorado, Oklahoma, and Texas. 


KUBANKA. 


This is a well-known and plainly distinguished variety (Pl. I, 7) grown 
chiefly in east Russia, and from all standpoints is one of the two or 
three best Russian macaroni wheats. It has been twice imported by 
this Department in the last two years, and distributed chiefly to the 
State experiment stations. In districts where it is adapted its trial 
has already been followed by remarkable results, much beyond the 
expectations of the writer, who knew it to be the best wheat on 
the Siberian border. It is one of the most drought-resistant varieties 
known in east Russia, and produces a grain of excellent quality. It 
has medium or short heads, that are white with occasionally a slight 
bluish bloom, and have rather long beards. The grain is large, yellow- 
ish white, and very hard. The variety-is much grown by the Kirghiz 
and Turghai people on the Siberian border (PI. LX, fig. 1), where it is 
absolutely impossible to grow ordinary wheats of any kind because of 
the extreme drought, the rainfall being as low as 10 inches per annum. 
On being grown in the northern Great Plains it has uniformly given 
yields better than those of other wheats, and in the more arid portions 
has yielded 2 to 4 times as much. In the Dakotas it ripens in good 
time, and in Nebraska is much earlier than other wheats. At Arapahoe, 
Nebr., it matured in 76 days from seeding. It is constantly resistant 
to all diseases wherever tried in this country. This variety takes its 
name from the Kuban territory. .Itis cultivated throughout the entire 
Volga River region from Kazan to the Caspian Sea, and eastward into 
the Kirghiz Steppes and Turkestan. It is the most popular bread 
wheat of the lower Volga region (Pl. IX, fig. 2.) At Saratov and 
Tsaritsyn a very large amount of it is ground into bread flour, but 
is usually mixed with 10 to 20 per cent of red wheat in grinding. 
The flour is always yellow, and makes a yellowish bread with a rich 
brown crust. Kubanka is particularly adapted for our northern 
Great Plains as far south as Kansas, but might be grown as a winter 
wheat still farther south. 


PERERODKA. 


This is properly but a special strain of the variety Kubanka sup- 
posed to have been evolved through the influence of changes of soil and 
climate, particularly the former. Though considered in east Russia 
to be in general rather inferior to Kubanka, it has in certain respects 
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given better results than the latter in this country. In North Dakota 
it yielded better, and in South Dakota the grain was discolored less 
than that of Kvbanka. It yielded considerably more to the acre in 
North Dakota than the Fife and Blue Stem. The grain is darker col- 
ored originally than that of Kubanka; otherwise they are practically 
the same. 


BELOTURKA. 


The variety Beloturka is very similar to Kubanka, but differs from 
it in having a longer, narrower head, and longer grain which is not so 
thick. Like Kubanka it is also extremely drought resistant. It is 
grown throughout the Volga region, but especially in southeast Russia. 
The name means ‘‘ White Turkish.” It is well known to be very 
resistant to rust in all countries, but has been especially well tested in 
this regard in Australia. Its value in this respect has been conclu- 
sively shown in all experiments by this Department. Beloturka and 
Medeah are the two varieties particularly recommended for rust resist- 
ance in hot coast districts by the Australian Rust-in-wheat Conference 
of 1892. The bright yellow grain is of the very best quality. It is 
probable that if there were a better knowledge of varieties among the 
macaroni wheat dealers of France and Italy, it would be noted that 
this variety and Kubanka are really of better quality than the varie- 
ties Arnautka and Gharnovka, which have obtained their reputation 
partly by the mere association of being grown near Taganrog; and as 
before stated all the wheat, Gharnovka, Kubanka, or otherwise, goes 
to Mediterranean ports as simply Taganrog wheat. Beloturka is also 
adapted for growing in the northern Great Plains especially. 


VELVET DON. 


This variety, called Chernouska in Russia (Pl. I, 3), has heads of 
medium length, rather thick, always with velvet chaff and long black 
beards. There are usually brown spots on the chaff throughout the 
length of the head. The grains are quite large, very hard, and darker 
in color than in the varieties just described. It is grown to a consider- 
able extent in the Crimea and near Sarepta in the Volga River region. 
Mr. Nekludoy, superintendent of the large Mikhalkov estate at Ambro- 
cievka, Don territory, says that under the general term Arnovka (prob- 
ably the same as Arnautka) are included Gharnovka, Yellow Gharnovka, 
and this variety. He also considers Yellow Gharnovka to be the best 
variety in that region, and Chernouska or Velvet Don to be the next 
best. (See fig. 2.) Velvet Don has been imported by the Depart- 
ment, and is now being grown by several of the State experiment 
stations. This variety is well adapted for growing in any portion of 
our semiarid districts, but may prove to be specially fitted for use as 
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FiG. 1.—STACKS OF KUBANKA WHEAT NEAR URALSK, ON THE SIBERIAN BORDER. 


FiG. 2.—METHOD OF SHOCKING MACARONI WHEAT NEAR SAREPTA, IN THE VOvGA RIVER REGION. 
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a winter wheat in Texas. It is very drought-resistant and ought to 
be quite resistant to leaf rust.* 


BLACK DON. 


Black Don (PI. I, 4) is known as Chernokoloska in Russia, and is 
grown a great deal in the Don territory, as well as throughout the 
Volga region, and to some extent in the Crimea and in Siberia. The 
variety is characterized by heads of medium length with black chaff, 
having a bluish-white bloom and long black beards, and light yellow, 
very hard translucent grains of medium or large size. The appearance 
of the grains is similar‘to that of Gharnovka, though the quality is 


Fie. 2.—Cleaning Velvet Don wheat on the estate of Mr. Mikhalkovy, in Don Territory. 


probably not quite so good. The best quality of this variety seems to 
be grown in the district near Sarepta, in the Volga River region. 
When grown from well-selected seed its appearance in the field is very 
striking, because of the black heads. This variety has also been 
imported by this Department and distributed in several of the States of 
the semi-arid districts. It is well adapted for any portion of these 
districts, but may be especially suitable for a winter variety in Texas. 


1On the other hand, in unusually damp, cloudy seasons all these macaroni wheats 
are likely to be severely affected by the black stem rust. In the Don territory, near 
Taganrog, some fields were almost ruined by that rust in 1900, as observed bv the 
writer. é; 
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SARUI-BUGDA. 


A variety known by this Tartar name and which is apparently dis- 
tinct but may be closely allied to Beloturka or Arnautka, is grown 
considerably in North Caucasus, near the Caspian Sea, but especially 
in Turkestan. It is probably one of the most drought-resistant wheats 
known anywhere, being the chief durum variety of the arid region of 
Turkestan. It no doubt also resists extremely the injurious effects of 
strongly alkaline soils. The grain is very large, yellowish white, ex- 
tremely hard, vitreous, and translucent. Heads of the wheat as grown 
in Turkestan have not been seen by the writer, but from descriptions 
they are in every way similar to Beloturka, except a tinge of red in 
the chaff. So far as known to the writer, it has never been shipped 
in quantity for making macaroni, so that its value for that purpose 
is not known. It is of special value to us at present, because of its 
superior drought resistance, but may be found to be excellent for 
macaroni as well. The best quality of grain so far seen by the writer 
came from the Lenkoran district on the Caspian Sea. 

In 1899 Prof. N. E. Hansen obtained for the Department a durum 
wheat numbered 1174, Section of Seed and Plant Introduction, which 
came originally from Turkestan, and which appears to be equivalent 
to Sarui-bugda, but which may prove to be distinct. A difficulty in 
studying it (1174) arises from the fact that it is badly mixed with 
another variety; but when grown in this country the part of the crop 
resulting, which is true durum, is very vigorous, extremely hardy, and 
of fine appearance in headand grain. It was distributed rather widely, 
and the results in semiarid districts have been uniformly good.' This 
and Sarui-bugda are admirably suited for growing in the driest por- 
tions of the Great Plains, where anything can be grown at all. 


MEDEAH. 


The variety Medeah (PI. II, 2) has of all wheats attained the greatest 
reputation for rust resistance.” It is mentioned oftener than any other 
in discussions of that subject, but it is especially recommended in Aus- 
tralia’ and Cape Colony* as a result of investigations with rust in those 


1The selected durum portion of 1174 has beer. separated and numbered 1548 in the 
cereal investigations of the Department. The other portion, which is a bread wheat 
and is numbered 1550, may prove also to be of great value in further experiments on 
account of its earliness in ripening. 

2 Probably referring to orange leaf rust in nearly all cases, however. This point is 
difficult to determine, since there are so few cases of reported rust resistance in which 
it is stated definitely which rust is meant. 

5 See report of Australian Rust-in-Wheat Conference for 1892, p. 71; also various 
articles in Agricultural Gazette, New South Wales. 

4See numerous short articles in Agricultural Journal of Cape Colony, and especially 
Vol. XV, pp. 229-235, August 17, 1899. 
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countries. In the conclusions of the several rust-in- wheat conferences 
in Australia, this variety was recommended along with Beloturka as 
being the best for the hot coast districts. It has been much employed by 
William Farrer, a wheat expert of New South Wales, in hybridizing with 
other varieties in order to introduce the same quality of rust resistance 
into ordinary bread wheats. In experiments made by this Depart- 
ment it has been found to maintain consistently its reputation in this 
regard in this country also.t. It is a well-known Algerian variety, 
having medium-sized brown or black heads, with a bluish bloom to 
the chaff, and black beards, and yellowish, hard grains. It is similar 
to Black Don in general appearance. Aside from its rust resistance, 
Medeah has a good reputation for drought resistance and yield in many 
countries. It is especially well adapted to our middle and southern 
great plains, particularly in Texas. 


PELLISSIER. 


This is a much-praised, selected variety, bred in Algeria. It seems 
at present to be one of the best of the Algerian varieties, and will 
probably be a valuable variety for our southern great plains. M. 
Henri Vagnon, at Kherba, Cios des Bras, Algeria, has grown El Safra, 
Nab-el-bel, and several of the other best varieties, along with Pellissier, 
in that part of Aigeria, and as a result of his experiments highly 
recommends the latter.” Seed of these varieties was obtained by the 
Department from M. Vagnon in 1896, and the varieties have been 
grown in Kansas in experiments to determine rust resistance. Pel- 
lissier not only proved to be quite rust resistant, but appeared to be a 
good, hardy wheat in other respects. 


CANDEAL. 


This variety is the principal durum wheat of Argentina and Chile, 
having been introduced there originally from Spain. It has heads of 
medium size, with white smooth chaff and rather long white beards. 
The grains are rather large and light yellow. Practically all the wheat 
furnished to France and Italy from South America for macaroni, which 
has come to be considerable in recent years, is of this variety. It has 
been tested for rust resistance in field experiments made by this 
Department and found to be very good in that respect. Its drought 
resistance and quality of grain in this country is yet uncertain. It is 
adapted for cultivation in our middle and southern Great Plains region. 


1 Cereal rusts of the United States, Bul. 16, Div. Veg. Phys. and Path., pp. 23-40, 
September 27, 1899. 

*See ‘‘Culture Rationnelle des Céréales en Algérie,’ Jour. d’ Agric. Pratique, 59°, 
Tome I, pp. 494-498, 1895. In this report M. Vagnon names Pellissier, El Safra, 
and Volo as the best three in his experiments, placing Pellissier as first. 
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NICARAGUA. 


Until recently probably no one of the durum wheats has attracted 
so much attention in this country as Nicaragua, and it is practically 
the only wheat of this group yet known in the southern United States. 
Its origin is not known to a certainty, though the name would indicate 
that it came from Nicaragua, and the wheat almost entirely grown in 
Nicaragua is of the same group as this variety. The real Nicaragua 
wheat has recently been received by, the Department from Mr. I. A. 
Manning, United States consular agent at Matagalpa, Nicaragua, and 
its appearance is in all respects like this variety, so far as the grain is 
concerned. From various reports it appears that Nicaragua has been 
grown in Texas nearly twenty-five years. 

Mr. James J. M. Smith, whose letters have already been quoted, 
states in his letter of May 29, 1898, that— 

In 1878 I found this wheat growing abundantly in Burnet, Williamson, Bell, 


Travis, Lampasas, Llano, and San Saba counties. I learn also that it was raised 
extensively all over this section of Texas. 


Almost invariably it has given excellent yields, far above that of any 
other wheat, including the popular Mediterranean. It has apparently 
made average yields of from 20 to 30 bushels per acre, and quite often 
yields 40 to 50 bushels per acre. Its cultivation has always been 
chiefly in Texas, but it is grown occasionally also in South Carolina, 
Georgia, Arkansas, Louisiana, and other Southern States. It first 
became popular almost wholly on account of its rust resistance, but 
has since been found to be excellent for late fall pasturage. 

Nicaragua wheat has rather long, narrow heads, with white or yel- 
lowish-white chaff and rather long beards, and a large, deep yellow, 
hard grain, when grown under favorable conditions. When sown in 
the autumn, as it often is in central and northern Texas, it makes a 
‘ank, vigorous growth and furnishes abundant winter pasturage. It 
is said to reach a height of 5 or more feet. 

This variety to give best results in quality of grain should be grown 
farther west in Texas than it is now grown. As grown in the region 
from Wichita Falls and Abilene it ought to be of excellent quality for 
macaroni. y 

WILD GOOSE. 


This variety is grown to a considerable extent in North and South 
Dakota, but on a much larger scale in Canada. It is related that a 
hunter found a few grains of wheat in the crop of a wild goose that 
he had killed, the grains were planted and grew, and the present 
variety has its origin in these few grains, and takes its name from the 
incident. Evenif this story is true, the original grains must of course 
have been obtained by the bird from some farm in the Northwest, and 
as the Russian farmers of the Northwest have occasionally imported 
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seed of durum wheats from Russia for many years, it is very probable 
that this variety is equivalent to one of the South Russian macaroni 
varieties. This and the preceding are the only macaroni wheats that 
have so far become pretty well established in this country. 

Wild Goose has a white chaff, heads somewhat similar to Kubanka, 
and rather long beards. The heads are shorter and proportionally 
thicker than those of Nicaragua. The grains are quite large, light 
yellow in color, and very hard and translucent in the best grades of 
the wheat. A considerable amount of this variety has already been 
exported from Canada to France and Italy for making macaroni, and 
is reported to be in some instances equal to the Taganrog wheat for 
that purpose; and yet the wheat as grown in Canada is probably inferior 
to wheat of the same variety as grown in the Dakotas. 


MISSOGEN. 


Almost the entire wheat production of Greece is from the durum 
group. Bread there is commonly made from these wheats. There are 
a number of important well-known varieties grown, such as Missogen, 
Atalanti, Volo, ete. Missogen (Pl. II, 3) is one of the best and is 
fairly representative. It has a medium or short head, rather thick 
and flattened, and with white, or reddish-white, chaff and beards of 
medium length. The grains are quite large, yellow or light brown, 
and very hard. In experiments of this Department it has proved to 
be extremely rust resistant with respect to orange leaf rust, and 
appears to be generally rather hardy. 


POLISH. 


This wheat, which belongs to a group entirely distinct from the true 
durum wheats, is already referred to and described on page 11. It may 
also be used in making various edible pastes, and possesses besides 
several other valuable qualities. It is very resistant to drought and 
leaf rust, and never was known by the writer to be affected with bunt 
or smut. Its yield in semiarid districts compared with other sorts is 
always good. As already mentioned, this wheat in 1891 yielded 24 
bushels per acre without irrigation at Garden City, Kans., some dis- 
tance west of the one hundredth meridian. Polish wheat was intro- 
duced from south Russia two years ago by this Department, and on 
being tried at several stations has yielded well in semiarid localities. 
It is adapted for growing in any part of the semiarid Great Plains. 


WINTER VARIETIES. 


Macaroni wheats are as a rule to be considered as spring varieties. 
Nicaragua, however, is very often sown in the autumn in Texas, and 
is said to give much better results when sown in that season. Other 
sorts when taken below the thirty-fifth parallel could no doubt also be 
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transformed into good winter varieties by gradually increasing the 
earliness of spring sowing until they are practically sown in autumn. 
The wheat is thereby not only made more vigorous by its autumn 
root growth, but is also likely to yield more and furnish an abundant 
supply of early winter pasturage; for these wheats always make a 
vigorous growth at once after they come up. 


EXPERIMENTAL COMPARISON OF VARIETIES. 


As already noted, nearly all these’ macaroni varieties have been 
under experiment by this Department more or less at different times, 
testing their resistance to rust and drought, and in some cases their 
yields. Chemical analyses have also been made of many of them by 
courtesy of the Bureau of Chemistry of this Department and the — 
results furnished to this Bureau for publication. Certain data from 
all these sources are here arranged in tabular form, for the most 
important varieties of macaroni wheat, as follows: 
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As will be seen by the table, macaroni wheats almost always are 
light green in color in the first stage of their growth, while ordinary 
wheats are a darker green. There is also rapid growth at this stage; 
the leaves are usually large and the plants grow erect, thus affording 
the abundant pasturage for which fall-sown varieties are noted. -As to 
chemical composition, nearly all varieties here presented are uniformly 
high in gluten content and the percentage of albuminoids. Ordinary 
bread wheats are considered to have an unusual gluten content if it 
reaches 11 or 12 per cent dry gluten, but it is not especially unusual 
for these wheats to have 13 and 14 per cent. On the whole, Russian 
varieties have invariably a higher per cent of gluten and protein than 
those of other countries. In confirmation of the expectation of the 
writer, it is seen that the Arnautka from North Dakota compares well 
with the best varieties direct from Russia in protein and gluten content. 
It is, however, a Russian variety originally, and when grown in North 
Dakota, simply finds very similar conditions to what it has previously 
been used to. The superiority of Russian varieties, already shown by 
their greater demand as well as their higher protein content, and also 
the excellent quality of durum wheat, when grown on our Great Plains, 
is almost certainly due to the unusual humus content of the soils of 
the Russian and American regions, respectively, which has already 
been discussed. The proper climate is a feature probably of greater 
importance, but a considerable amount of soil humus is absolutely 
essential. In harmony with this thought it is to be expected that 
Algerian or Argentine varieties will improve on being grown on our 
Great Plains, while Russian varieties will probably deteriorate when 
grown in Arizona or New Mexico. But Russian sorts grown in the 
region from North Dakota to west Kansas, or possibly to the Texas 
Panhandle, will be the very best. . 

There seems to be something more than the simple amount of gluten 
that gives macaroni wheats a superiority over bread wheats for mak- 
ing macaroni, since often bread wheats having the same gluten content 
do not apparently make as good macaroni. Nevertheless, gluten con- 
tent is evidently important, and, besides, the unusual protein content 
of such wheats is of great importance from the standpoint of nutrition. 


RUSSO-MEDITERRANEAN TRAFFIC IN MACARONI WHEAT. 


In making up statistics of wheat production and export separate 
figures are never given for durum wheats, even in Russia, where such 
wheats are so important. It is therefore only possible to obtain an 
approximate idea of the export of these wheats from Russia to the 
western Mediterranean region. It is known to be quite extensive, 
however, in proportion to the amount of other wheats exported from 
that country. The Section of Foreign Markets of this Department 
has kindly furnished data giving the entire wheat export of Russia 
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Fic. 1.—PORT OF TAGANROG, RUSSIA, THE LARGEST PORT FOR THE EXPORT OF MACARONI WHEAT 
IN THE WORLD. 


Fig. 2.—LOADING GHARNOVKA (MACARONI) WHEAT ONTO THE STEAMER IN BULK AT TAGANROG, TO 
BE SHIPPED TO MEDITERRANEAN Ports. 
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for the years 1894-1898, inclusive, and her export to France and Italy 
for the same period. ‘The entire export averages 126,677,079 bushels. 

The average export to France is 19,892,517 Gushels (including spelt 
and maslin'), and the export to Italy averages 21,204,469 bushels. It 
is known that a considerable quantity of the export to Italy is soft 
wheat. In other data giving imports into France and Italy from 
Russia, also furnished by this section, it is definitely stated that in 
1899 6,274,129 bushels of the import into Italy was soft wheat; that 
is, considerably more than one-third of the entire amount for that year, 

which was 15,400,153 bushels. It is pretty certain that the propor- 
tion of soft wheat shipped to France from Russia is much less, prob- 
ably not more than one-fifth. The entire wheat export to both France 
and Italy is 41,096,986 bushels. It is probable that the soft wheat, 
spelt, maslin, etc., would altogether make up no more than one-third 
of this amount. To be safe in statements, however, the proportion of 
macaroni wheat shipped from Russia to these two countries may best 
be given, not as two-thirds of the entire amount, but as about 20,000,000 
bushels. But certainly not more than four-fifths of the Russian Medi- 
terranean export of this wheat goes to France and Italy. Adding, 
therefore, 5,000,000 more for the other countries on the Mediterranean 
we have what is sur ely a conservative estimate of 25,000,000 bushels 
as representing Russian export of this class of wheat into the Mediter 

ranean region. The Russian trade in these wheats is far greater than 
Americans realize. In fact, many do not realize that there is such a 
trade at all. The writer is rather confident that the entire annual 
Russian export of durum wheat to all countries does not fall far short 
of 40,000,000 bushels. It must be remembered, too, that in the mar- 
kets where this wheat goes no other wheat can be substituted. To 
compete with Russia in these markets we must therefore raise maca- 
roni wheats. If we should succeed in securing only half the market 
it would mean an addition of 20,000,000 bushels to our export trade. 

It should be noted that international freight rates on grain exported 
from this country appear to be about the same as for Russia and the 
oriental countries. 

The steamers engaged in the Russian export trade with this wheat 
belong to several different lines, the best known of which is probably 
the Russian Society of Commerce and Navigation. This is the most 
important steamship line in south Russia, has excellent harbors, and 
touches at all points on the Black and Azov seas. The principal points 
from which durum wheats are shipped are Rae anrog (PI. X, figs. 1 and 
2) and Berdiansk, but large quantities are shipped : also from Rostov-on- 
Don, Novorossisk, Theodosia, Kerch, Mariopol, and Nikolaev. Four 
or five trunk hnge of railway (at least t two of which are doubled tracked) 


Maslin is a mixture “of sev aS) grains, as rye, barley, and w eee, 
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bring most of the wheat that is grown at a distance to these points. 
Much the larger part of this wheat from a distance comes from the 
region about Uralsk and Orenburg. (PI. XI, fig. 1.) At Taganrog 
and Berdiansk a large portion of the wheat shipped is macaroni 
wheat. A great deal of it is grown in the surrounding region. The 
wheat begins to arrive in greatest quantities in September. (Pl. XI, 
fig. 2.) 
SUMMARY. 


(1) Macaroni or durum wheats have been occasionally grown in this 
country for many years, but the absence of a known market has 
heretofore prevented their extensive cultivation. 

(2) In connection with its seed and plant introduction work the 
Department has been making special effort during the past three years 
to stimulate an interest in American-grown wheat of this class. Asa 
result of this movement, and with the aid of private parties interested, 
the following progress has already been made: 

(a) All macaroni wheat of good quality that will be produced this 
present season (which will probably amount to over 75,000 
bushels) is now practically contracted for at a good price. 

(6) A majority of our own macaroni factories desire to use semolina 
of durum wheats grown in the United States, and from some of 
them there is now an urgent demand for it, but it can not be 
obtained. 

(c) Samples of our macaroni wheats sent to French manufacturers 
of semolina have been tested and reported to be as good as wheat 
from Taganrog, Russia, though it is known that a much better 
wheat is now grown in North and South Dakota than the samples 
that were sent. 

(d) Semolina manufacturers in France and Italy have only recently 
discovered the excellent quality of our macaroni wheat, and 
now they are demanding large quantities just as soon as it can 
be furnished. Six or eight million bushels, if we could furnish 
it, would no doubt now find immediate sale at Marseilles and in 
Italy. 

(3) In connection with these facts it may be noted that since March 
1, 1901, three and one-third million bushels of Wild Goose wheat were 
shipped from Canada to Marseilles, and yet the Canadian wheat is 
somewhat inferior, as a rule, to wheat of the same class grown in 
North and South Dakota. 

(4) A careful investigation of the conditions of soil and climate in 
east and south Russia in comparison with those of our Great Plains 
shows an interesting and remarkable similarity between the two 
regions. As the very best macaroni wheat is produced in large quan- 
tities in this Russian region one naturally infers that the cultivation 
of such wheat in the Great Plains would be attended with good results. 
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FiG. 1.—KUBANKA WHEAT BROUGHT TO MARKET BY THE KIRGHIZ FARMERS, AT URALSK, ON 
THE SIBERIAN BORDER. 


FiG. 2.—CARTING MACARONI WHEAT TO THE WHARVES AT TAGANROG, TO BE SHIPPED TO 
MEDITERRANEAN Ports. 


SUMMARY. 61 


(5) The results of adaptation experiments made by this Department 
in cooperation with State experiment stations, as well as trials made 
by private parties, have strongly confirmed the conclusion drawn from 
a study of the soil and climatic conditions. The principal facts shown 
by these experiments are as follows: 

(2) Macaroni wheats are extremely resistant to heat and drought. 

(2) They are also very resistant to the attacks of leaf rust, smuts, 
and other parasites. 

(c) They give the best results in the Great Plains near the one 
hundredth meridian. 

(d) In many places west of the one hundredth meridian where 
wheat growing is now practically impossible because of 
drought macaroni wheats will yield ordinarily 12 to 20 
bushels per acre. 

(ce) In semiarid districts macaroni wheats will yield an average of 
about one-third more per acre than the standard wheats 
usually grown there. 

(6) Macaroni manufacturers do not, as a rule, grind their own wheat, 
but must be furnished with semolina by millers of that product. 

(7) There is now a distinct demand for one or more enterprising 
millers in this country to arrange for specializing in the manufacture 
of semolina from durum wheats for our macaroni factories. 

(8) Macaroni wheats can be readily ground at our ordinary flour mills 
by a slight rearrangement of machinery, using more moisture, and 
with a proper understanding on the part of the miller of the nature of 
the product to be furnished to the factories. The miller or manufac- 
turer of semolina should stand in the same relation to the macaroni 
manufacturer that the miller of bread flour does to the baker. 

(9) Nearly all our own macaroni factories are at present using flour 
made either from Kansas hard winter wheat or from the hard spring 
wheats. 

(10) The superior value of durum wheats for making macaroni lies 
chiefly in the quantity and quality of their gluten, but possibly also in 
the amount and nature of certain other constituents. 

(11) Macaroni when well made from our hardest bread wheats is 
sometimes difficult to distinguish from macaroni made from durum 
wheats. Almost always a difference exists, however, in favor of the 
product from durum wheat. The latter is usually (a) more yellowish 
in color, (b) more vitreous in fracture, (c) preserves its form longer 
in boiling, and (d) is more elastic and not sticky when served. 

(12) Though macaroni wheats are usually considered to be adapted 
only for making macaroni, it is an idea entirely erroneous that they 
do not make good bread. But in grinding for bread 10 to 20 per cent 
of red wheat might, often with advantage, be mixed with them. 

(13) In all instances in this country within the writer’s knowledge 
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where these wheats have been used for bread the parties so using 
them have preferred the bread above all other kinds. 

(14) The most popular bread flour in the Volga River region of Rus- 
sia is made from Kubanka, a macaroni wheat. - 

(15) The French people, who are the greatest bread eaters in the 
world, prefer always a mixture of durum wheat in making their bread 
flour. 

(16) Bread made from macaroni wheats is richer to the taste and 
remains fresh much longer than bread.made from other wheat. 

(17) Macaroni wheats furnish an excellent quality of grits for break- 
fast foods. 

(18) In the cultivation of macaroni wheats all means possible should 
be employed for the conservation of moisture if they are to be grown 
where the rainfall is very small. They are drought resistant, but they 
must have the aid of proper cultivation. | 

(19) In all places north of the thirty-eighth parallel they should be 
sown in the spring, and the plowing may be done the previous sum- 
mer. South of this parallel they should be sown in late autumn. 

(20) In the South when sown in the autumn these wheats furnish 
excellent winter pasturage, usually, too, without greatly diminishing 
the following crop of grain. 

(21) The best macaroni wheats in all respects are of Russian origin. 
The results of chemical analyses show that Russian varieties contain 
nearly 50 per cent more gluten than varieties from other foreign coun- 
tries. Moreover, they are, as a rule, best adapted to the conditions of 
our semiarid districts. 

(22) The best of the Russian varieties, and those which are best 
adapted to our middle and northern Great Plains, are the following: 
Kubanka (or Pererodka), Yellow Gharnovka, Gharnovka, Black Don, 
Beloturka, Sarui-bugda, Velvet Don. 

(23) Some of the best varieties from other countries and adapted 
to the region of this country south of the thirty-fifth parallei are as 
follows: Nicaragua, Missogen, Medeah, Volo, Pellissier, Atalanti, 
Candeal, El Safra. 

(24) The Russian export of macaroni. wheats to the Mediterranean 
region is probably at least 25,000,000 bushels annually, and is an 
indication of the export trade with these wheats that we might 
secure (in part, at least) if we would grow them; for international 
freight rates are about the same for us to the Mediterranean region as 
for Russia. 
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This paper of Dr. Griffiths is the first report on experiments with 
grasses and forage plants conducted by the Department of Agriculture 
through this office in cooperation with the Agricultural Experiment 
Station of Arizona, located at Tucson. The report contains an outline 
of the experiments undertaken on the tract of public land set aside 
by the President of the United States for the use of the Secretary of 
Agriculture in this work. The existing conditions and the present 
character of the forage supply on the ranges is fully described. The 
urgent needs of the stockmen for better range conditions are clearly 
set forth. The publication of this report now will be most timely, as 
it brings before the public questions of the greatest importance to one 
of the largest interests of this country—the raising of live stock. 
While there are many forage problems of great importance which are 
now being worked out through this Office, there is none, we believe, 
of greater importance or more general interest than that of range 
improvement. The free-range system has led to the ruthless destruc- 
tion of the native grasses which once covered the magnificent pasture 
lands of the West, and the time has now come when active measures 
must be adopted to remedy the evils that have resulted from overstock- 
ing and mismanagement. It is evident that laws for the proper control 
and preservation of the ranges are not only essential to the stock inter- 
ests, but also to the general welfare of thecountry. The matter is of as 
much importance to the irrigation farmer as to the cattle man, for the 
gullying of river channels during recent years, and the cutting of deep 
gorges in every slight depression, destroying the tillable lands, are 
directly traceable to the influence of close grazing. 

Prof. R. H. Forbes, director of the Arizona Agricultural Experiment 
Station, in an exceedingly valuable and interesting paper on the 
subject of ‘‘The open range and the irrigation farmer,” read at the 
meeting of the American Association for the Advancement of Science 
held in Denver the present season, and which was published in The 
Forester, made the following most suggestive notes in relation to 
range improvement, which we venture to quote here: 

The objects of range study are, in the first place, to demonstrate economic 
methods for the improvement and reclamation of the great areas of devastated, 
worn-out grazing lands of the semiarid regions, and, finally, to suggest such 


administration of the country thus reclaimed, or the yearly decreasing areas of 
5 


6 PREFACE. 


yet unruined ranges, that the interests of all concerned—the stockman, the irriga- 
tion farmer, and the possible investor in the storage propositions of the future— 
may be brought into harmony with each other as well as be individually bettered. 

In view of the difficulties and failure which have been encountered in this direc- 
tion [range improvement] and in view of the successful operations of the forest- 
reserve system, it seems to me that we can turn with some hope of success to the 
idea of range reservation in Arizona and New Mexico. The Government is there 
yet in control of great unbroken tracts of its public lands, and those Territories 
afford a most favorable opportunity for the institution of the experiment on a 
large and convincing scale. 

The carrying out of such a plan by impartial and authoritative means, including 
provisions for a proper economic and scientific study of the problems involved, 
ought in time to vastly improve the range for the benefit of the stockman, and 
a!so to render the operations of the irrigation farmer and of the storage-reservoir 
promoter much more certain of returns. 

F. LAMSON-SCRIBNER, 
Agrostologist. 
OFFICE OF THE AGROSTOLOGIST, 
Washington, D. C., September 6, 1901. 
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RANGE IMPROVEMENT IN ARIZONA. 


By DAVID GRIFFITHS, 
Expert, in charge of Field Management. 


INTRODUCTION. 


On all the Western stock ranges which the writer has visited there 
have existed many small areas in cultivated fields, unused pastures, 
feneed railroad rights of way, and similar situations which are in 
their virgin state or have so far recovered from overstocking as to 
bear testimony to the original productivity of the soil. Things are 
far different in large areas of southern Arizona. Here unused pas- 
tures are very rare, cultivated fields are fewer in number, and the 
destruction is so complete that in many localities even the railroad 
right of way has recovered but little in three or four years’ time. On 
the river bottoms a few indications of luxuriant growths of grass are 
found, but in nearly every case, even in such favored localities, there 
is little aside from this evidence, the actual original conditions being 
very much modified. It would be but fair to state, however, that the 
season in which the region was first visited was an unfavorable one, 
being at the close of an exceedingly long dry period, when even evi- 
dence of forage was scanty. 

Many ranchers, farmers, and prospectors who have lived in the 
country a long time have given much information relative to former 
conditions, some certainly reliable and some doubtless extravagant, 
as is apt to be the case in such matters. From the evidence given by 
every old settler no conelusion could be reached other than that of 
misuse of the range country and that the destruction was greater than 
in the more favored ranges of the Northwest. How the destruction 
of the range could be so nearly complete is somewhat beyond the con- 
ception of those not familiar with the character of the precipitation, 
configuration of the land, composition of the soils, and the habits of 
the forage plants of the region. With the exception of the annuals 
the grasses are nearly all known as ‘‘ bunch grasses,” a designation 
which indicates that they are not turf formers. Even the blue grama 
(Boutelowa oligostachya), which forms such handsome and persistent 
sod over vast areas on the ranges of the Northwest, grows here in 
bunehes. This prevailing characteristic, together with the suscepti- 
bility of the surface soil to injury by the trampling of cattle, probably 
accounts in a large measure for the extent of the denudation of the 
range. During a season of rain the surface of the ground is badly 
cut by the cattle that tramp over it. After the February rains the 
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depth of footprints in an average mesa region is one-half an inch to 
4 inches, the deeper ones being in the lower moister regions, which 
are best suited to the growth of vegetation. It will be readily seen 
that a herd of cattle do immense injury to the surface of the ground 
by traveling over it during a season of rain. Regions which have 
survived close pasturage are very liable to be destroyed or greatly 
injured in this way. During the dry seasons the injury from tram- 
pling is nearly if not quite as great. Having no turf of leaves and no 
protection of shallow roots, the surface soil is easily cut and reduced 
to dust by animals moving over it in search of food and water. 


FORMER CONDITIONS. 


As an accurate knowledge of the conditions which once prevailed 
throughout these valleys and foothills was very essential to a proper 
and intelligent inauguration of range-improvement experiments, it was 
thought that the best plan would be an effort to restore the condition 
which once prevailed, for any extended attempts at cultural operations 
appeared entirely useless. It was thought that the greatest benefit to 
the range would be derived from rest, accompanied by reseeding with 
native forage plants. Accurate knowledge of previous conditions was 
therefore very essential. In order to obtain this information a cireu- 
lar letter, accompanied by a series of questions, was prepared by the 
writer, who was at that time botanist of the Arizona Experiment Sta- 
tion, and distributed to a selected list of correspondents. The letter 
and questions, reproduced below, are self-explanatory and indicate 
clearly the purposes of the inquiry. The answers returned agree 
almost perfectly and point to but one conclusion, namely, that the 
public ranges of the region were at one time comparatively produe- 
tive and that their present condition has been brought about by 
overstocking. 


CIRCULAR LETTER AND QUESTIONS. 


My Dear Sir: The Arizona Experiment Station, in cooperation with the United 
States Department of Agriculture, is undertaking some experiments with a view 
of ascertaining the best methods of improving the native ranges of Arizona, 
Already the Department of the Interior, at the request of the Hon. James Wilson, 
Secretary of Agriculture, has reserved from entry for our use a tract of land 
in the vicinity of Tucson, and a suitable portion of this has been fenced. We are, 
therefore, practically ready to begin operations along lines suggested by the best 
experience of the officers of this station, as well as ‘of the field agents and officers 
of the Division of Agrostology, United States Department of Agriculture. It is 
hoped and expected that this work will result in profit to the ranchers and stock- 
men of the Territory, and what results in profit to them results in profit to every 
citizen. 

In order to undertake this work intelligently it is necessary to ascertain as 
accurately as porsible the original condition of the range prior to its depletion by 
overstocking and prior to the excessive droughts of a few years ago, for it is by 
restoriug the range to its original condition that we may hope to receive benefit 
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Fig. 1.—RAILROAD RIGHT OF WAY NEAR BENSON, ARIZ., SHOWING THE CONDITION OF 
THE RANGE UNDER PROTECTION. 


FiG. 2.—WRIGHT’S SACCATON (SPOROBOLUS WRIGHTI). 


The Santa Cruz bottoms near Tucson, Ariz., are said to have been covered with this grass. 
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and attain success in our range-improvement investigations. This information 
can only be furnished by reliable and experienced men who are conversant with 
the condition of the grazing lands of the Territory at the time when they yielded 
profit to the rancher. 

You have been recommended to us as a person who, on account of your wide 
experience and abundant opportunity of observation, will be able to give us the 
information desired. We hope that you will be willing to assist us in this matter, 
in which we are all so deeply interested, by answering as many of the inclosed 
questions as you can at your earliest possible convenience. sending your answers 
to us in the inclosed addressed free envelope. 

Very truly yours, Davip GRIFFITHS, 
Special Agent in Charge of Cooperative Work. 


1, With what portions of the Territory are you especially familiar? 

2. How long have you been acquainted with the regions spoken of in question 1? 

3. What was the relative abundance of the feed on the native range at the time 
you first became acquainted with it, compared with the present time? 

4, Will you please compare the grazing conditions in two or more regions with 
which you are familiar; for instance, the Santa Cruz, San Pedro, and Sulphur 
Spring valleys? 

5, Can you describe any specific instances of the destructive action of water in 
gullying out the river valleys? Can you state how and at what time such gully- 
ing started in any particular instance, and the extent to which the washing pro- 
gressed in a given time? 

6. What influence has this gullying had on the productiveness of the river bot- 
toms? 

7. What grasses or other native forage plants furnish the greatest amount of 
feed at the present time in your vicinity? (If you do not knowthe names of these 
plants and are willing to send us samples, so state in answer to this question, and 
we will send you franks so that you can forward the sainc to us free of charge. ) 

8. Do you attribute the present unproductive condition of the range to over- 
stocking, drought, or to both combined? Please explain why. , 

9. Will you please state the largest number of cattle which, in your opinion, 
have at any time grazed on any particular range with which you are acquainted, 
and at what time? What do you estimate is the present carrying capacity of the 
same range? 

10, Provided we should be able to furnish seed, would you be willing to put 
it in the ground in proper shape in some favorable situation on your place where 
cattle will not graze it for at least one year after planting? A very small patch 
would be required, say 50 feet Square. Such an experiment would enable us to 
determine what forage plants are best adapted to your iocality. 


ANSWERS TO QUESTIONS. 


The answers returned have been very suggestive and indicate an 
intelligent, active interest in the questions which are of such vital 
importance to the stock growers located on the public domain. Two 
of these, however, appear of such general excellence and indicate such 
a keen insight into the forage problems that they are reproduced in 
full. Col. H. C. Hooker, one of the earliest and most successful stock 
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raisers in the Territory, under date of December 11, 1900, writes as 
follows: 


1. The southeastern. 

2. Thirty-five years. 

3. Fully double. 

4, These regions have been diminished in grazing facilities fully 50 per cent in 
twenty-five years. 

5. The San Pedro Valley in 1870 had an abundance of willow, cottonwood, syc- 
amore, and mesquite timber, also large beds of saccaton and grama grasses, sage- 
brush, and underbrush of many kinds. Theriver bed was shallow and grassy and 
its banks were beautiful with a luxuriant growth of vegetation. Now the river 
isdeep and its banks are washed out, the trees and underbrush are gone, the sac- 
caton has been cut out by the plow and grub hoe, the mesa has been grazed by 
thousands of horses and cattle, and the valley has been farmed. Cattle and horses 
going to and from feed and water have made many trails or paths to the moun- 
tains. Browse on the hillsides has been eaten off. Fire has destroyed much of 
the shrubbery as well as the grass, giving the winds and rains full sweep to carry 
away the earth loosened by the feet of the animals. In this way many waterways 
have been cut from the hills to the river bed. There is now little or nothing to 
stop the great currents of water reaching the river bed with such force as to cut 
large channels and destroy much of the land under cultivation, leaving the river 
from 10 to 40 feet below its former banks. Thus it has caused much expense in 
bringing the water to the cultivated lands, and necessitated much labor to dam 
up the channel and keep the irrigating ditches in repair. 

7. Gramas, saccatons, bunch, and six-weeks grasses. 

8. Principally to overstocking. In times of drought even the roots are eaten 
and destroyed by cattle, while if not fed down or eaten out the roots would grow 
again with winter moisture. 

9. There were fully 50,000 head of stock at the head of Sulphur Spring Valley 
and the valley of the Aravipa in 1890. In 1900 there were not more than one-half 
that number and they were doing poorly. 

10. I will place 1 acre or more under fence on my land in any situation you 
may select for your experiments, providing you will superintend the planting 
and direct the cultivation, taking from my ranch such teams, farming tools, 
employees, etc., as you may require. 

Iam, respectfully yours, H. C. HooKER, 
Proprietor Sierra Bonita Ranch. 


Mr. C. H. Bayless, of Oracle, Ariz., in addition to answering ques- 
tions, submitted a statement containing a forcible expression of the 
futility of attempting to control the range without the help. of the 
Government orthe ranchers. It appears to the writer that the ranch- 
ers and those interested in stock growing are beginning to realize 
more and more the importance of placing the range management in 
the hands of some one having authority and an interest in its preser- 
vation. The objection to the control of the range is gradually wear- 
ing away. At least a dozen ranchers have expressed themselves to 
ine within the past year in fully as emphatic terms as Mr. Bayless 
in his letter quoted below. With reference to range management Mr. 
Bayless writes as follows: > 


DeEaAR Sir: Within find answers to quest’ons sent me. Permit me to add that 
no practical plan can well be advanced for increasing plant growth on any open 
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Fig. 1.—A CATTLE RANGE IN THE SANTA CATALINA MOUNTAINS, APRIL, 1901. 


Fig. 2.—A FOOTHILL RANGE NEAR TUCSON, ARIZ., APRIL, 1901. 
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range while free for the use of everybody. Hence I must respectfully urge upon 
you the importance of impressing the Government officials with the fact that no 
general improvement of range country can be expected until the land is placed 
under individual control by lease or otherwise. In a few favored spots where 
such an arrangement is now secured through local conditions good results might 
be accomplished, but the greater part of our range country is at present a desert 
and will steadily become less and less productive, while the present range manage- 
ment, or rather lack of it, prevails. 
Very respectfully yours, C. H. BAYLESS. 


1. The San Pedro Valley and southern part of Pinal County. 

2. Fifteen years. 

3. At that time ten animals were kept in good condition where one can now 
barely exist. However, those ten animals were then rapidly destroying the vege- 
tation, not making proper use of it. 

5. About twelve years ago the San Pedro Valley consisted of a narrow strip of 
subirrigated and very fertile lands. Beaver dams checked the flow of water and 
prevented the cutting of achannel. Trappers exterminated the beavers, and less 
grass on the hillsides permitted greater erosion, so that within four or five years 
a channel varying in depth from 3 to 20 feet was cut almost the whole length of 
the river. Every year freshets are carrying away new portions of the bottom 
lands. At present this valley is asandy waste from bluff to bluff, while the few 
fie ds remaining are protected from the river at large and continuous expense. 
Thus, in addition to curtailing the area of good land, the deep channel has drained 
the bottoms, leaving the native grass no chance to recover from the effects of 
close pasturing. It also makes it more difficult to get irrigating water onto the 
surface of the land. 

7. Of the rich grama grasses that originally covered the country so little now 
remains that no account can be taken of them. In some parts of the foothills 
alfilaria furnishes limited but excellent pasture during the spring and early sum- 
mer. Where stock water is far removed some remnants of perennial grasses can 
be found. Grasses that grow only from seed sprouted by summer rains are of 
small and transitory value. The foliage of the mesquite and catsclaw bushes is 
eaten by most animals, and even the various cacti are attempted by starving cat- 
tle. However, the thorns and spines of the cacti more than offset the value of the 
pulp. No better pasture was ever found in any country than that furnished by 
our native grama grasses, now almost extinct. 

8. The present unproductive conditions are due entirely to overstocking. The 
laws of nature have not changed. Under similar conditions vegetation would 
flourish on our ranges to-day as it did fifteen years ago. We are still receiving 
our average amount of rainfall and sunshine necessary to plant growth. Droughts 
are not more frequent now than in the past, but mother earth has been stripped 
of all grass covering. The very roots have been trampled out by the hungry herds 
constantly wandering to and fro in search of enough food. The bare surface of 
the ground affords no resistance to the rain that falls upon it and the precious 
water rushes away in destructive volumes, bearing with it all the lighter and 
richer particles of the soil. That the sand and rocks left behind are able to sup- 
port even the scantiest growth of plant life is a remarkable tribute to our marvel- 
ous climate. Vegetation does not thrive as it once did, not because of drought, 
but because the seed is gone, the roots are gone, the soil is gone. This is all the 
direct result of overstocking and can not be prevented on our open range where 
the land is not subject to private control. 

9, Twelve years ago 40,000 cattle grew fat dlong a certain portion of the San 
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Pedro Valley where now 3,000 can not find sufficient forage for proper growth 
and development. If instead of 40,000 head 10,000 had been kept on this range, 
it would in all probability be furnishing good pasture for the same number to-day. 
Very few of these cattle were sold or removed from the range. They were sim- 
ply left there until the pasture was destroyed and the stock then perished by 
starvation. 

10. Yes, I will do so gladly. Object lessons of this kind will prove conclusively 
that overstocking, not drought, has made our country a desert. 

C. H. BayYLEss, Oracle, Ariz. 


FEED ON THE RANGE. 


While each valley in the Territory has some characteristics dis- 
tinctly its own, and while there is a great difference in the extent to 
which overpasturing has been carried on, there is still a certain simi- 
larity which is characteristic of the entire southern portion, namely, 
the preponderance during certain seasons of the year of weedy plants 
that would not ordinarily be considered fit food for cattle. During 
the year five typical valleys have been visited, namely, the Gila, 
Salt River, Santa Cruz, San.Pedro, and Sulphur Spring. The oppor- 
tunities for observation in the first two named were very meager, but 
still sufficient to bear out the testimony of several ranchers, that the 
only pasturage of any account in these two valleys during a large 
portion of the year consists of ‘“‘ browse.” The main stock food on 
the open range appears to be derived from the mesquit and sage 
brushes (Atriplex spp.). These are supplemented in the winter and 
spring by weedy growths, and in the fall by annual grasses of transi- 
tory value. In the Santa Cruz Valley conditions are much the same 
on the open range, but in the Sulphur Spring Valley, which has a 
greater altitude, as well as a more copious precipitation, the peren- 
nial grasses still thrive. In some portions of this valley the natural 
conditions are such that the ranchers are able to control the range in 
such a manner as to protect it. No finer object lesson could be 
desired than the one furnished on the Sierra Bonita ranch, owned by 
Col. H. C. Hooker. This is located at the head of the valley, and the 
range is so situated between the Graham Mountains on the east and 
the Galiuro Mountains on the west that the entrance of cattle from 
neighboring ranches is easily prevented. Under such conditions, 
accompanied by good management, the range has been kept in a very 
good condition, compared with all the other portions of the region 
which the writer has visited. On this range large quantities of native 
grass are cut for hay. In one stack the following were recognized: 
Everlasting grass (Hriochloa punctata), E. aristata, Chloris elegans, 
Eragrostis neomexicana, vine mesquite (Panicum obtusum), Aristida 
spp. (in small quantities), Arizona millet (Chaetochloa composita), 
blue grama (Boutelowa oligostachya), low grama (B. polystachya), 
and Andropogon torreyanus. These, together with two or three 
species of Sporobolus (saccaton grasses) and the cultivated Johnson 
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PLATE III. 


Fig. 1.—TUFTED PLANTAIN (PLANTAGO FASTIGIATA) ON THE LEFT; BLUE GRAMA 
(BOUTELOUA OLIGOSSTACHYA) ON THE RIGHT. 


Both figures from plants grewing near Tucson, Ariz. 


FIG. 2.—ALFILARIA (ERODIUM CICUTARIUM) 
TUCSON, Ariz. 
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grass, form the main hay grasses on the range. In some localities the 
galleta grasses (Hilaria mutica and Hilaria jamesii) furnish large 
quantities of coarse hay, which, as one liveryman expressed it, is used 
to ‘‘chink” in with. The condition of the vegetation in the San Pedro 
Valley, while much superior to that of the Santa Cruz, is much inferior 
to the Sulphur Spring. 


THE PLANTAINS. 


These plants, of which the Indian wheat (Plantago fastigiata Mor- 
ris) is the most important and which formed the greater part of the 
feed on the range in the vicinity of Tueson in the spring of 1901, are 
popularly known as Indian wheat and are very abundant after winter 
rains all through southern Arizona, especially in the lower altitudes. 
They are also found commonly at considerable elevations in the 
mountains, but are not sufficiently abundant there to be of any 
economic importance. On the lower moister areas of the general 
mesa region, however, the crop is often quite large. The fenced por- 
tion of our range reserve afforded an excellent opportunity for study- 
ing these plants during the past season. It is usually impossible to 
appreciate their entire forage value upon the open range on account 
of the present short pasturage. During the past season there was 
considerable difference in the quantity of these plants found inside 
and outside of our fenced area, although the feed is reported to have 
been more abundant than usual and the stock on the range to have 
been much reduced in recent years. 

At the suggestion of Director R. H. Forbes an attempt was made to 
ascertain the precise amount of feed which these plants furnished on 
our range reserve tract during the past season. The estimate is 
believed to be approximately accurate and to give a very fair idea of 
the amount which grows in similar localities in rather favorable 
years. The estimate was made from actual measurements of repre- 
sentative areas selected by myself after a careful survey of the entire 
fenced area. <A die 15 feet long by 3 feet wide was prepared as accu- 
rately as possible. All plantains covered by this were pulled up. 
After having the roots'cut off they were placed in a bag and dried in 
thesun. Eighteen such areas were measured and treated in the same 
way. The weight of this material collected on the 26th and 27th of 
March became constant early in May, indicating that it was thor- 
oughly dried. The final weights were then taken. The data given 
below indicate not only the amount of forage, but also the character 
and diversity of product of the reserve tract. The figures on the 
plat (p. 22) corresponding with the samples in the tabulation given 
below, indicate the localities where measurements were made. From 
these an idea of the relative productivity of the different situations 
can be readily obtained. It will be seen that the smallest growth 
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occurred in the higher areas, occupied principally by the creosote bush 
(Larrea mexicana). 
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By comparison with the diagram on page 22, it will be seen that 
the smaller weights in the table indicate areas where the creosote bush 
predominates. These average the smallest in quantity, varying from 
16 to 2,466 pounds per acre. An average of these plats gives a yield 
of 992 pounds or practically one-half ton per acre, or 1663 tons for the 
entire 336 acres under fence. The value of this material for stock 
food must be determined by actual feeding tests and chemical analysis. 
This the Station is now planning to determine. It may be said, how- 
ever, that Indian wheat forms a large part of the feed on the range 
during late winter and spring, and that cattle pastured on it and 
alfilaria, while not in as good condition as those fattened on the 
ranges of the Northwest, were still in fair condition for the market. 

These plantains appear especially well suited to grow on the sandy 
desert mesa, where winds and destructive floods are liable to carry 
away the seed. The method of seed distribution is indeed unique 
and one of the most interesting the writer has ever seen. As far as 
observed there appears to be no special method for seattering the 
seeds, but when the capsule is ruptured they fall, being scattered only 
by chance influences of vegetation and wind. Each seed is sur- 
rounded by a hyaline mucilaginous covering which is ordinarily incon- 
spicuous when the seed is dry. When the seeds scattered over the 
surface of the ground are moistened, as by a shower of rain, this cov- 
ering swells, becomes mucilaginous, and attaches itself temporarily 
to particles of earth or to whatever it comes in contact with. After 
becoming thoroughly moistened the seed gravitates to the bottom of 
the mucilaginous covering and rests upon the supporting soil. Upon 
the evaporation of the absorbed moisture the mucilage dries in such 
a way as to leave the seed in the bottom of a small pit in the ground. 
This depression has usually a diameter about three times that of 
the seed and a depth equal to or slightly greater than the distance 
between its flat surfaces. The abrading of the surface during the 
subsequent two to five months, during which the seeds lie dormant, 
serves to effectually cover them, so that they are ready for germina- 
tion upon the advent of the summer rains. Just what the mechanism is 
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Fig. 1.—SHAD SCALE (ATRIPLEX CANESCENS) IN FENCED FIELD NEAR TUCSON, Ariz. 


Fi@. 2.—CATTLE FED ON TUFTED PLANTAIN 


(ERODIUM CICUTARIUM) 


(PLANTAGO FASTIGIATA) AND ALFILARIA 
ON Way To MARKET, May, 1901. 
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which serves to sink the seed into the ground has not been determined 
by this study. When moistened the gelatinous covering has a distinct 
radial, ‘striated structure, and the surface of the pit would indicate 
that in some way the earth is pulled away from the seed, thereby 
allowing it to sink into the ground. The process is so effectual as to 
cause the seed to be sunk even in hard roadbeds as well as upon the 
general surface of the mesa. <A study of this problem for the purpose 
of determining exactly the influence of this mucilaginous covering in 
the burial of the seed would throw considerable light upon the develop- 
ment of these plants in unfavorable desert regions, and doubtless add 
something to our knowledge of seed distribution. The amount of 
seed produced in the spring of 1901 was exceedingly large. Consider- 
able areas on our range reserve were completely covered with it. A 
shower of rain on the 26th of May served to make it very conspicuous. 
Naturally every cow track, gopher hole, and other depression was 
filled with it. When the rain fell these masses of seed beéame firmly 
united together, sometimes into thin crusts and sometimes into masses 
3 inches or more in thickness. Upon drying the mesa presented a 
peculiar appearance, for these cakes curled in much the same man- 
ner as a muddy deposit on the bottom of a dried-up pool. Many local- 
ities have been seen where a third of the ground was covered for an 
acre or more in extent with cakes of this seed. When moistened in 
large masses a crust was invariably formed on the top and bottom in 
a short time after the shower passed by. In both crusts the seeds were 
relatively abundant. In the upper crust this appeared to be due to 
rapid drying, but in the lower one it was evidently due to gravitation, 
whereby the seeds were deposited on the bottom, where they were 
incrusted with particles of earth, leaving the mucilage more nearly 
pure in the center of the mass. 

Mr. James Goodwin, of Tempe, reports that the seeds of these species 
of plantain are largely used for food by the various Indian tribes of 
Mexico. <A beverage is prepared by soaking the seeds in water and 
sweetening with sugar. In this way a sirupy liquid is obtained which 
is said to be very nutritious. 


SALTBUSHES AND THEIR ALLIES. 


These ‘‘ browse” plants are popularly known as sage brush in 
Arizona, although very different from the artemisias of the North- 
west, which are referred to by the same name. Every rancher is 
acquainted with this portion of the stock feed of the region, but it 
has appeared to me that its full value is not appreciated. The most 
important of the species observed is shad seale (Atriplex canescens), 
although several others, both of the perennial and annual groups, 
occur in large quantities. These are grazed to a greater extent in 
the Santa Cruz Valley than in any other region visited. Here it is 
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very seldom that one encounters a plant over 2 or 3 feet high on the 
open range, while in protected places bushes 10 feet high may often 
be seen. Large areas of a luxuriant growth of these plants were 
formerly found along the Santa Cruz River, where now only short 
stumpy growths 10 or 12 inches high are to be found. It is on the 
plains to the westward and in the Gila and Salt River valleys, how- 
ever, that these plants grow in the greatest profusion. Tere, as the 
writer’s observation goes, they are but slightly injured by grazing. 
This appears especially true in the vicinity of Tempe. In one locality 
on the Gila, however, as well as at Tombstone, in the San Pedro Val- 
ley, close cropping of shad scale was the rule. 

The propagation of the native species of Atriplex has been attended 
with considerable difficulty, but some plantings made on the range 
in January have proven very successful. In the case of shad scale, 
which appears to be the most promising of any of the native spe- 
cies, the seed collected by various field agents of the Division in the 
Northwest have usually failed to germinate. This was also the case 
with seed collected in Arizona early in September of 1900. The 
same material collected a month later germinated readily. The dif- 
ference could not be one of local conditions or difference of treat- 
ment, because these conditions were identica] and the same results 
were obtained on the range and in germination tests in the green- 
house. A favorable time for collecting seed of the native species 
which occur in this region is late October to January. It will prob- 
ably grow just as well if collected in late October as at any other time, 
but gathering can be done to better advantage later in the season, 
because the seeds strip off more readily and require less drying—cir- 
cumstances of considerable importance te the seed collector. In the 
moister alkaline regions the greasewood (Sarcobatus vermiculatus) is 
often found in abundance, but observation indicates that it is not 
browsed as much as one would expect. It is certainly a much inferior 
food to the saltbush. Winter fat (Hurotia lanata), on the contrary, 
appears to be nearly exterminated on the open range. Two or three 
bushels of seed could have been gathered on the railroad right of way 
between Dragoon and Cochise in October, but on the open range only 
two or three closely cropped bushes were to be found. This is the 
only place in which the plant has been collected. 


NATIVE LEGUMES. 


The most important plant among the legumes is the mesquit (Pro- 
sopis velutina Wooton?'). The screw bean (P. pubescens) is also com- 
mon, but it never grows in such profusion as the other closely related 


1The prevailing species in southern Arizona has been referred to P. juliflora, 
It is not, however, the same plant that is referred to this species in Texas and the 
greater part of New Mexico. The Arizona plant corresponds closely in everything 
but fruit characters to P. pubescens. 
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species. So much has been written regarding the forage value of this 
plant that but little need be said in this place. In this region it forms 
much of the feed during the hard times, not only in spring and early 
summer while it is succulent and green, but also in the winter, when 
it would be ordinarily considered worthless. During the past winter, 
when the pastures along the Santa Cruz were very short, not only the 
pods but the leaves of this tree as well were eaten by cattle. Numer- 
ous instances were observed where the leaves as they fell from the 
trees were completely cleaned up in large areas in the thick mesquit 
groves of the region. 

Besides the mesquit there are several species of Acacia which are 
browsed to some extent. The leaves of these are also eaten after they 
have fallen in much the same manner as the mesquit during times of 
short feed. Many species of Lupines, Horsackias, and Astragalus 
abound and furnish a large part of the feed on the moister mesas 
and foothills for a short time in the spring. Astragalus nuttallii, 
which is the common species in the moister mesa region, is worthy of 
special mention. It is readily eaten and under favorable conditions 
furnishes much palatable feed. Several small areas on the range 
reserve tract had a complete covering of this plant during the past 
spring. Itis a small plant, but has the advantage of forming such 
a dense growth as to completely cover the ground. Its seeds are also 
comparatively easily collected. If gathered before fully ripe the 
whole plant with its abundant seed supply can be collected, but if left 
until the herbage is dead and dry the pods can be scraped up from the 
ground with little, if any, loss of seed. 


THE CACTACEA, 


The cactuses look very uninviting to the average stock raiser, but 
they, nevertheless, are of some value and are resorted to in times of 
great necessity. During the past winter atleast a half dozen instances 
were observed of the actual eating of these plants by cattle. The 
species most frequently made use of in the vicinity of Tucson are 
Opuntia fulgida, O. spinosior, O. versicolor, and O. arbuscula. The 
two named first produce an abundance of fruit which is free from 
large spines. The former has many bunches of small fruit, while the 
latter has large fruits. borne singly. One may often during a hard 
winter observe cattle having a dozen or more joints of this species 
attached to their heads and necks. Usually these joints remain in 
these positions until they are rubbed off or until they fester and drop 
out of their own accord. Fragments of these plants break off very 
readily, and cattle reaching under the joints to obtain the fruit are 
almost certain to come in contact with one or more of them. 

Knowing of the experiments conducted in Texas of feeding these 
plants (O. engelmanni especially), in January, the experiment of singe- 
ing the spines as thoroughly as possible from a portion of a medium- 
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sized specimen of O. spinosior was tried. About one-third of the 
plant was left unsinged. Ten days later, when the locality was again 
visited, the singed portion had all been eaten down to the old hard 
wood. As near as could be judged the greater part of three years’ 
growth had been eaten. The cattle were doubtless attracted by the 
small quantity of hay (used in the singeing) that was scattered over 
the ground. It is well known that these plants, at certain times of 
the year at least, are very rich in starch, and for that reason may be 
more nutritious than one would be led to believe. To what extent 
this form of vegetation, so abundant on the mesas of this region, can 
be utilized as cattle food in time of scarcity is not known. Neither 
is it known whether the plants will survive the singeing process. 
Two experiments were started for the purpose of determining the 
latter point, but engagements compelled the writer to leave the region 
before any conclusion could be reached. The singeing of the giant 
eactus (Cereus giganteus) is said to have been a common practice 
among the Indians in former times. By lighting the spines of the giant 
Cereus they gave momentary signals to their friends in the distance, 
Many of these plants with burned spines were encountered during the 
the past season in full bloom and in apparently healthy condition. 
Whether the other species will bear the same treatment remains to be 
determined. It is certain that the spines alone prevent their being 
eaten more extensively by cattle. 


THE GRASSES. 


As usual in every range the grasses form the bulk of cattle food. 
Other plants are more or less important, because they serve the very 
useful purpose oftentimes of tiding over periods of short pasturage. 
While the bulk of the feed in many localities for the greater part of 
the year is obtained from the grasses, the other vegetation mentioned 
above serves the very vital purpose of furnishing a subsistence ration 
when the more nutritious and palatable grasses fail entirely. It is for 
this reason that the species of Plantago, Atriplex, and Hrodiwm are 
of so much importance and the Cactacece are mentioned as being of 
possible utility. 

At the present time perennial grasses are rarely found on the gen- 
eral mesa in the Santa Cruz Valley in the vicinity of our experimental 
tract, unless it be in an occasional stray bunch protected by the thorns 
of the mesquit or the spines of the cactus. In the protected places 
along the river bottoms are still found excellent growths of saccaton 
(Sporobolus wrightii). This has been to a large extent exterminated 
in recent years for agricultural purposes, so that the only places in 
which it is found at the present time: are in an occasional pasture or 
in uncultivated portions of fenced fields. It is one of the most per- 
sistent of the native species of the region. The woody character of 
the culms prevents its being grazed closely, which, no doubt, has. 
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FIG. 1.—OPERATIONS IN RANGE IMPROVEMENT NEAR TUCSON, ARiz., JANUARY, 1901. 


Fig. 2.—RANGE RESERVE TRACT NEAR TUCSON, ARIZ., SHOWING A TYPICAL CREOSOTE- 
BUSH (LARREA MEXICANA) LOCALITY. 
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Fig. 1.—CacTus (OPUNTIA ARBUSCULA) FROM RANGE RESERVE TRACT NEAR 
TUCSON, AR'!z. 


The fruit is eaten by cattle during short pasture. 


FiG. 2.—CacTUS (OPUNTIA FULGIDA). A BUNCH OF PENDANT FRUIT AND ONE JOINT. 


In extreme cases of hunger cattle feed on this fruit. 
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much to do with its persistency under heavy pasturing. It has been 
reported to me that the expense of clearing a piece of ground of sac- 
caton is as great as the clearing of an equal area of mesquit timber. 
The feed from this source is very coarse and is usually considered of 
an inferior quality, but, like the saltbushes, it furnishes feed when 
nothing else can be found. Of similar utility is the salt grass (Dis- 
tichlis spicata), which is grazed to a large extent during seasons of 
of short feed. It is much inferior in feeding quality to the saceaton. 
During the dry season of 1900 it is said to have saved many herds of 
cattle from starvation in the Sulphur Spring Valley, where there are 
thousands of acres of it and where either from the effect of alkali or 
overstocking nothing else grows. On sandy portions of the river bot- 
toms may be found considerable quantities of drop-seed (Sporobolus 
cryptandrus), S. strictus, and Arizona millet (Chetochloa composita). 

The most important nutritious grasses which predominate on the 
open mesa range are black grama (Hilaria mutica), H. jamesei, 
curly mesquite (H. cenchroides), blue grama ( Bouteloua oligostachya), 
low grama (B. polystachya), wolly-foot (B. eriopoda), side oats grama 
(B. curtipendula), and black heads (Pappophorum wrightii). In 
depressions where water accumulates after summer rains good growths 
of Chloris elegans, everlasting grass (Hriochloa punctata), vine mes- 
quite (Panicwm obtusum), P. colonum, and Eragrostis neomexicana 
are found. In such moist localities, where close pasturing is not the 
rule, there may usually be found also fine growths of feather grass 
(Andropogon torreyanus). This grass, however, is never seen on the 
unprotected range in any quantity. Large areas were encountered on 
the railroad right of way in the vicinity of Cochise in 1900. On the 
open range one seldom finds it, except where protected by the thorns 
of the mesquite or spines of the cactus. On the general mesa, where 
the soil does not wash badly, there are invariably found large quan- 
tities of six weeks grama (boutelouw aristidoides) after the summer 
rains. This species, known popularly as six-weeks grass, furnishes 
a great deal of excellent feed for a short time. Besides the above 
should be mentioned several species of Muhlenbergia and Aristida, 
which for short periods furnish much feed of an inferior quality. 
The preceding description would apply fairly well for 1900 to the Sul- 
phur Spring Valley. The quantity diminished gradually to the west- 
ward as far as Tucson, where, although the species mentioned above 
were commonly found, there was but little feed furnished by the 
native grasses. During the second week in October large areas on 
the gentle slopes near the foothills in the San Pedro Valley were 
very fairly covered with short growths of Boutelowa aristidoides, B. 
polystachya, Pappophorum wrightii, and Nazia aliena. 

The adaptability of the grasses, as well as the other vegetation in 
this region to conditions of environment, is something wonderful. 
Variation in size as the direct influence of quantity of moisture is often 
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very marked. Chloris elegans, which commonly grows 2 feet high, 
may be often found on the drier mesas in scattering specimens matur- 
ing perfect seed when the whole plant above ground measures no 
more than an inch and a quarter in length. Six-weeks grama (Boute- 
loua aristidoides) is often reduced from the maximum of 12 inches in 
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height, with a dozen or more branches, to a single culm three-fourths 
of an inch long, maturing but one or two spikelets. Corresponding 
\ariations in size are especially noticeable in all of the annual 
species. 

The mountain range presents a very characteristic appearance. 
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Receiving as it does a more liberal supply of moisture, the develop- 
ment is more uniform during the growing season. Even here no sod 
is formed, indeed no sod could usually be formed if the moisture con- 
ditions were ever so favorable, for the presence of loose jagged rocks, 
with the exceedingly rugged conditions, would almost compel the 
growth of grasses in small bunches. The grasses which form the 
main feed in such localities, and therefore the most conspicuous of 
this portion of the vegetation, are Andropogon contortus, A. lewcopo- 
gon, Trachypogon secundus, Elionurus barbiculmis, Hilaria sp., 
Bouteloua bromoides, B. oligostachya, B. curtipendula, Trioda mutica, 
Hragrostis lugens, Muhlenbergia gracillima, M. porteri, Epicampes 
rigens,and Aristida sp. These regions are often so inaccessible that 
stock can not reach them. They are therefore more nearly primi- 
tive than the mesas, and one is able to get a better idea of their 
productivity. 
THE RANGE RESERVE TRACT. 


The range improvement work in Arizona being of a different char- 
acter from that usually contemplated, and being in a region more com- 
pletely divested of range grasses than any other in the entire country, 
required considerable careful study in advance to discover the proper 
locality for experimentation. Accordingly, the greater part of a week 
was spent in a survey of the surrounding country in the vicinity of Tue- 
son for the purpose of determining which of the three typical areas 
(mesa, foothill, or river bottom) would be the most favorable and give 
the most conservative and valuable data upon which to base judg- 
ment of the results obtained by experimentation. Finally a rather 
favorable mesa area was selected at an altitude of about 2,600 feet 
above sea level and about 400 feet higher than the city of Tucson. 
This tract, which was subsequently reserved from entry at the request 
of the Hon. James Wilson, Secretary of Agriculture, is described in the 
Government surveys as secs. 26, 27, 34, and 35, T. 14'S., R. 14 k., 
Gila and Salt River meridian. 

Somewhat diagonally through the center of this area runs the South- 
ern Pacific Railway, and a short distance to the east of it is located 
Wilmot Siding. The soilis a clay loam, mixed with considerable sand, 
and subtended at a depth of 2 to 2} feet by a calcareous hardpan, 
known among the Mexicans by the significant name ‘‘caliche.” The 
slope, which is rather gentle, has a general northwesterly direction, 
and is traversed by three more or less distinct, broad, shallow depres- 
sions, which receive the drainage of a considerable area of land to the 
southeast. Such a region, with broad, shallow washes, was purposely 
selected. Itwas the intention to attempt to conserve water flow on the 
mesa, and to discover what can be done toward preventing ‘‘ run-off” 
of water during the rainy season of July and August. Such washes, 
although the most favorable for the growth of vegetation of all kinds, 
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are nevertheless typical of large tracts of desert, not only in the Santa 
Cruz, but in the San Pedro, Gila, and Salt River valleys as well. 

A triangular portion of this reservation, consisting of 336 acres 
adjoining the Southern Pacific right of way, has been placed under a 
substantial four-wire fence supported on singed mesquite posts 133 
feet apart. The area encompasses nearly all the varieties of exposure, 
drainage, and soils, and is, in short, a typical mesa region in every 
respect. The advantage taken of the railway fence enabled us to 
inclose the tract ata minimum cost. ,Two miles of fence, at an approx- 
imate cost of $150 a mile, covers practically the entire expense of the 
inclosure. 

When selected, this tract of land, like the surrounding region, fur- 
nished practically no feed; the ground was bare, except for cacti and 
shrubby growths of little or no forage value. On the higher and 
poorer soils are found characteristic growths of the creosote bush 
(Larrea mexicana), around the base of which is almost invariably 
found Perezia nana, which, unlike the vast majority of desert plants, 
possesses a very pleasant odor. Scattered over the entire area are to be 
found luxuriant growths of cacti, mainly of the genus Opuntia. The 
main species of this family are O. fulgida, O. spinosior, O. arbuscula, 
O. engelmanni, Cereus fendleri, C. greggit, Echinocactus wislhizent. 
All of the lower areas have scattering growths of mesquite (Prosopis 
velutina), palo verde (Parkinsonia torreyana), Zizyphus lycoides, 
Lycuim sp., Riddellia cooperi, Bigelovia sp., and Ephdera trifurca. 
A few specimens of Yucca elata are also to be found. These plants 
formed the conspicuous portion of the vegetation in September, when 
the land was selected, and there was no grass except an occasional 
tuft of six-weeks’ grass (Bouteloua aristidoides) and low grama (Bou- 
teloua polystachya). Soon after this date the tract assumed a more 
promising aspect, antl weedy growths of various kinds began to spring 
up after the very light summer rains. It was not until January, 
however, that the vegetation became marked. From this time on 
until the 1st of March there was an abundant development of short- 
lived annuals. The most conspicuous of these was the California 
poppy (Eschscholtzia mexicana), which was so abundant in localities 
here and in other portions of the valley as to give its characteristic 
golden hue to the entire landscape, sometimes for many acres in 
extent. The next in abundance was Indian wheat (Plantago fasti- 
giata), of which a description will be found elsewhere (p. 14). 
Besides these, there were a great many borages, which were often the 
characteristic vegetation over large areas. The principal genera of 
this family represented were Pectocarya, Echidiocarya, Amsinkia, 
Echinospermumn, and Hretrichium. Among other conspicuous plants 
may be mentioned Malacothix glabrata, Chenactis lanosa, Daucus 
pusillus, Bowlesia septentriolis, Hrodium cicutarium, EH. texanum, 
Salvia columbarie, and the peculiar Ginothera scapoidea, In a few 
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localities conspicuous growths of the prickly poppy (Argemone platy- 
ceras) were tobeseen. The latter was quite persistent and continued 
to bloom until June. 

In this description no attempt is made to give a list of the plants 
growing on the fenced area. A sufficient number is given to show 
the character of the vegetation in the different seasons. 

By the 1st of April the majority of the winter annuals were dried 
up, and a month later they were all quite dead and their seed had 
been scattered, so that all that was necessary to make the region look 
as it did the previous fall was to have the cattle eat off the dead 
herbage, which they were rapidly doing on the outside of the fence. 


NORTH 


EAST 


SOUTH 
Fic. 2.—Diagram of Area C. The figures indicate the position of the stakes in each plot; broken 
line, separation between disked and harrowed portions. 
The following detailed account of the forage plants planted is pre- 
sented for comparison with figures 2, 3, 4, and 5, respectively. 


AREA C. 


Operations were begun on this plat on the 10th of January, imme- 
diately after a rainfall of 0.42 inch. After seeding the north half was 
disked and the south half harrowed directly east and west. The 
ground was conspicuously ridged by the disk harrow, and the seed 
was consequently covered to varying depths. Subsequent showers 
showed beyond a doubt that this ridging was an advantage in pre- 
venting a run off of water. The area is 400 feet in width by 2,200 
feet in its greatest length. It measures 173 acres and contains plats 
1 to 12, on which were planted seed, as follows. 


Number of plat. Name of forage plant sown. | aes oe ieee 
| Feet. 

ie ee ee | Chloris elegansges = 425-5. 2k WAtizonac: 22225 -_- 400 by 60 
De be. id ON Cees a =| JN othing: stawmeee-sa esses se | ee 400 by 140 
eee een. ieee | Chloris eleqanseameee me ott Arizona secesseese 400 by 40 
(eee ee ee 20 Oe eee es SLE Bel Se does eS 400 by 40 
9-=--=----..---.-...--| Andropogon saccharoides ..... -..-.|_.... (oa) Aes a eet ae 400 by 400 
OF eee == =--2-| Agronynon SpVICatUmM _ =... =... -<.--|" Northwest....... 400 by 200 
(eco a-==--s=<=.52- || Agropyron occidentale...) 2 |, (3 ops See 400 by 200 
Sener ee SACS Eilaniaanupicamees 14.2 kee fF ATT ZOND.c22 oso: 400 by 100 
ee Nee sy EY Bromus unioloides......._.... .-..--- (?) 350 by 100 
MO Oe eee canna 2 An|| BNOMUSManGINGius 0. ----.-- aan Oveseo- fees 200 by 100 
ZOD Ce jap 2 Sd Se NS Pappophorum vaginatum ___.......- Arizona_:...-..-. 150 by 100 
LIZAG Ts Sear ee tan Oe IERUTOUL OIL OS pee oe eS WL Wor. a ae 100 by 100 


a The areas given for plats 9 to 12 are only approximate, for they, taken together, form a tri- 
angle, and the exact length of each plat has not been determined. 
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SCALE OF FEET. 


Fig. 3.—Diagram of Area E. The figures indicate the position of the numbered stakes in each plat; broken line, separation between harrowed and disked 


portion of west half; double line, west edge of portion disked before seeding. 


AREA E. 


This area, like C, extends directly east and 
west. The west half, consisting of plats 13 
to 32, was sown without previous preparation 
of the ground. The south half of this por- 
tion was then disked and harrowed east and 
west, and the north half harrowed twice in 
the same direction. The east half, consisting 
of plats 60 to 75, was disked in an east and 
west direction before being planted and after- 
wards harrowed north and south. The entire 
area measures 400 feet in width by 2,400 feet 
in its greatest length, and contains 194 acres. 
The seed planted here were as follows: 


haat Name of forage plant Seed, native | Area of 
plat. sown. or foreign. plat. 
Feet. 
18a....| Aristida bromoides--..---- Arizona.- ..-- 100 by 75 
l4a..-.| Aristida humboldtiana -..|_.--- te fo ees 110 by 623 
15a-.-.-| Muhlenbergia gracilis -..--|_---- Gows.--—2 110 by 62} 
UG @/s=—r| Stunt) SDP 'sa-c-- oe eee New Mexico-| 100 by 60 
lia... | Chetochloa composita ....| Arizona-.----- 100 by 110 
18 a_....| Melinus minutiflora_.....- Brazil 3 100 by 110 
19 a....| Bromus unioloides ---.---- Australia ..-.| 100 by 200 
20a.---| Eriocoma cuspidata. ..-... (?) 400 by 200 
Blsessee Sporobolus wrightii -.....-| Arizona.-...- 400 by 100 
Pama ae Sporobolus (near) wrightii |----- (ite ae 400 by 100 
eee Sporobolus cryptandrus-.--| Coloradc-.---- 200 by 100 
ha sesas|. soe (6 Fo ae aM eg Es ARIZONA ohare 200 by 100 
Poweess Sporobolus airoides _.-...-. Wyoming..-.-_| 200 by 200 
2025.-=- Bouteloua polystachya ---.| Arizona.....- 200 by 100 
Uae Bouteloua curtipendula---|-.---- do ....----} 200 by 100 
see , Bouteloua humboldtiana-..| New Mexico_! 200 by 100 
Pascoe Bouteloua eriopoda -.....- Arizona.--.-- | 200 by 100 
alae ae Boutelowua aristidoides....|.--.- doe | 200 by 100 
pee {Bouteloua polystachya ---- |...-do watt as 400 by 100 
| Chloris GlCUANS so meateceete 
ore Bouteloua oligostachya -..|....- doe 200 by 100 
60S Elymus simplex... .----- Wyoming....| 200 by 100 
G1 arts. Elymus canadensis var.--- (?) 400 by 100 
* |Poa fendleriana.....-..--- } : ~ 
a a | Bouteloua eriopoda . aa... jNew Mexico -| 200 by 50 
Se Elymus ambiguus ....----- . F 
63.....- Pen idatia eee |,fontana’ ----| 200 by 50 
re Elymus condensatus.......|..---@0-....-..- 200 by 100 
ne Elymus virginicus submu- | Washington -| 200 by 100 
ticus. 
aa Agropyron tenerum ......- (2) 400 by 100 
Ly (eee Agropyron spicatum ...... Washington -| 200 by 100 
ee Agropyron occidentale .... (?) | 200 by 100 
(12 eRe Bouteloua oligostachya ...) Arizona .-..-. | 400 by 100 


a The measurements of plats 13 to 20 are only approximate. 
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Seed, native or 


Number of plat. Name of forage plant sown. foreign. 
(( Ree ea ee tS eee eee Bouteloua polystachya -.-----------. ATIZONAG = os 
(Ue ee Se ee Bouteloua bromoides._....---.~----- New Mexico --.-- 
y(n Pe tes ae ee ee EAU EL COTLCHROULCS = a onan eee Washington,D.C. 
TD = SE Re Rn ce Eragrostis neomexicana _-...----- Sa AIZOnNs soos oe 
y (es re se i eee Bromus polyanthus paniculatus =| New Mexico---.- 
Ps IPRNASCOUUS TETUSUS) Saneeaeno ses e222 | beck a GOneee eee 
SS Rae TA Ee mann wee) ea ASPCTUM A 252 < saccaseessc cose | Washington ----- 


Area of 
plat. 


Feet. 
400 by 100 
400 by 100 
200 by 100 
200 by 100 
200 by 100 


200 by 100 


SCALE OF FEET 


100 


200 300 


50 57 [53 [59 


Fic. 4.—Diagram of Area F. The figures indicate the position of the numbered stakes in each 


plat. 


AREA F. 


This was devoted entirely to saltbushes, except that in a few plats 


seeds of native grasses were also sown. 


The area is located on the 


edge of one of the broad, shallow washes and is laid out roughly tri- 
angular, so that the measurements given for some of the individual 


EAS? 
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plats are only approximate. It consists of plats 33 to 43 and con- 
tains nearly 4 acres. The cultivation here was more thorough than 
in either Cor E. The saltbush seed was sown on the uncultivated 
soil. The ground was then disked north and south and east and west. 
The grass seed was then sown, after which the entire area was 
harrowed diagonally. Seed of saltbushes was planted in plats as 
follows: 


: 
Number of plat. | Name of forage plant sown. | aes saat Or aaa 
| Feet 
8 3 BR ee ae a Atriplex canescens....-------| Tucson, Ariz_---- 200 by 300 
Ste ocuin sacra eee ae Ge eee eer net inne Scasce Tempe, Ariz ----- 200 by 1 
BO ao eese ae ee ee ee PAE LELISD ates oh Seca wees |e 6 Co See 100 by 100 
S62. 2.052 Seo eaees Atriplex canescens .--...-.-- Wyoming.2-2..4 100 by 25 
Sis cere ee eae Eee ET ENICOM: eee wos. | cose OO Jokccoe see 100 by 25 
SOL eo Ae oneeee ‘Atripler nuttallit...-...5-.2..|----- fo eee 100 by 25 
BO SSNS sevens Atriplex volutans__.-.--.---- 5:3 SOO sen ete 100 by 25 
4h Soe eee PATTEDICr HAITROLAES —. 22 222-)) oacc'seneee eee eee 100 by 125 
t e 
Elymus canadensis ---...---- (?) = 
weieciscus Cae aneete 175 
a ee halimoides .....-.-- Australia __.. ...- Poby 
Erocoma cuspidata ...-.----- New Mexico-.--- 
a ee ae 3 200 by 200 
a eee SD ace ee ee weet Tempe, Ariz -.--- a 
Bouteloua oligostachya--..-- ATIZONB peso 
S25, 25 : 2 200 by 1 
a eee semibaccata _....-.- California ..--.--- OO bye 
| 
AREA A. 


This area, consisting of two 
triangular plats, Nos. 76 and 77, 
contains nearly 3 acres. The 
north half was twice disked 
parallel to the north line, the 
remainder being disked but 
once. The seed was then sown 
and covered with a _ harrow 
drawn parallel to the railway 
fence. The seed sown was a 
mixture of various remnants 
from other plats, as follows: 


SCALE OF FEET 


100 
200 


Plat 76.—Agropyron tenerum, 
Fic. 5.—Diagram of Area A. The figures indi- eye ° 
cate positions of numbered stakes; broken arc, Chloris elegans, Bouteloua olt 
limit of area twice disked before seeding; con- gostachya, Sporobolus airoides, 
tinuous ares, ridges approximately 50 feet apart Elym us canadensis Eriocoma 
to prevent run off of water. f G 
cuspidata, Sporobolus cryptan- 
drus, Agropyron occidentale, and Phaseolus rutusus. 
Plut 77.—Andropogon saccharoides, Chloris elegans, and Bouteloua 


oligostachya. 
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AREA B. 


This area extends directly east and west, contiguous to the south 
side of Area C. No seed whatever was sown here, it being intended 
to determine what effect scarifying the surface would have on the 
development of native vegetation. <A fine-tooth harrow was drawn 
over the area in an east and west direction. 


AREA D. 


This space is 200 feet in width and located between C and E. No 
seed was sown and no cultural operations performed. The object in 
laying out the ground in this way, with an uncultivated and unseeded 
strip between two cultivated and seeded ones, was to determine, 
should the seeded plats prove successful, whether the grasses sown 
would spread naturally over unseeded areas. 

The cultural operations are vastly more simple than those usually 
employed in the grass investigations conducted by the Division. This 
is necessarily so because improvement of the range at the least pos- 
sible expense is the desideratum here, and not the growing of the 
greatest amount possible per acre. The production of forage is so 
small here, at best, that one is obliged to measure his pasture by square 
miles rather than by acres, and the operations in range improvement 
must be on a correspondingly large scale. It has been deemed wise, 
therefore, to operate simply, but on comparatively large areas. The 
only implements used are disk harrows and fine-tooth harrows. Every 
possible combination of these has been used. In some eases the seed 
was sown directly on the mesa, with no previous preparation of the 
soil; in others, disking or harrowing preceded planting. * In all cases 
the seed was covered by disking or harrowing, or by both combined. 
As far as possible all cultural operations extended lengthwise of the 
long strips, and therefore diagonally across the washes. The gangs 
of the disk harrow were set so as to ridge up the ground as much as 
possible. This method spreads the run-off of water over more land, 
and the ridged condition holds it to a greater extent than any other 
method would do. 

A small grass garden has been started on the university grounds, 
in which nearly all of the varieties sown on the reservation have been 
planted in small quantities. Here moderate irrigation is practiced. 
One of the objects of this garden is to form a check upon the seeded 
plats on the reservation. 

Owing to the diversity of climatic and soil conditions which obtain 
in southern Arizona, it has been thought wise to extend operations 
over a greater variety of territory than would be possible in the imme- 
diate vicinity of the University. Consequently aplan was inaugurated 
to cooperate in the matter of range improvement with farmers and 
ranchers who were located in favorable situations. Aside from the 
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work performed directly by your agent, experiments are being con- 
ducted at eight other stations in the southern part of the Territory. 
In all of these cases those interested are doing the work with seed dis- 
tributed from the station. 'The names and addresses of the ranchers 
who are performing experiments according to this plan are as follows: 

M. R. Wise, Calabasas. 

C. H. Baylis, Oracle. 

H. C. Hooker, Wilcox. 

Mr. Prince, Tucson. _ . 

Ozro Haskin, Tucson. 

F. O. Benedict, Tucson. 

W. M. Marteny, Arivaca. 

W. B. McCleary, Helvetia. 

Operations on the ranch of Col. H. C. Hooker are a little more 
extensive than in other instances. Your agent made a trip to the 
ranch in the latter part of February for the purpose of starting the 
work. Six small plats, aggregating about an acre of land, were sown 
to eight species of forage plants. ) 


PRECIPITATION RECORDS. 


In connection with the range improvement experiments, five pre- 
cipitation records are being taken, in order to determine to what extent 
local variation in this particular obtains. Observations thus far con- 
ducted point to some very interesting conclusions, but they have not 
yet been continued long enough to enable one to generalize. The 
gauges are located as follows: Four miles north of the University; 
range reserve tract; Mescal; McCleary’s camp; and 4 or 5 miles above 
McCleary’s camp, in the Santa Rita Mountains. The first two are 
being attended to by the writer, the third by Mr. J. Ribail, and the 
latter two by Mr. W. B. McCleary. These, together with the record 
kept on the university grounds, give six readings, which will throw 
some light on our investigations. 


SUMMARY AND SUGGESTIONS. 


1. It being evident that the present unproductive condition of the 
range is due in the greatest measure to overstocking, it is desirable 
that some form of control of our public lands be devised whereby this 
practice, inevitable under present conditions, will be discontinued. 
How this desirable end may be reached does not appear clear, but it is 
evident that laws for the proper control and preservation of the ranges 
are essential, not only to the stock-growing interests, but also to the 
general welfare of the region, that the rains may be better conserved 
and prevented from disfiguring the surface of the country to an extent 
absolutely beyond the conception of anyone who has not had experi- 
ence with these easily eroded Southwestern soils. The matter is of as 
much importance to the irrigation farmer as to the stockman himself, 
for the gullying of river channels during recent years and the cutting 
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of deep gorges in every depression, thereby destroying the tillable 
soils, are directly traceable to the influence of close grazing. 

2. Just control, based on a system of land rentals which properly 
recognizes the rights of all ranchers located on the public ranges, would, 
it is believed, meet with popular approval and beneficial results. 

3. The perennial grasses have been completely destroyed on large 
portions of the range. With absolute rest these areas would probably 
be reseeded in time, but it is believed that much can be done to expe- 
dite the matter by collecting seeds of native perennial forage plants 
in regions where they still persist and sowing them in the more favored 
localities of the denuded range. As far as the experiments which 
have been conducted indicate, the blue grama ( Bouteloua oligostachya) 
and the Australian saltbush (Atriplex semibaccata) are the most 
promising for this purpose. Bromus polyanthus paniculatus, wire 
bunch grass (Agropyron spicatum), slender wheat grass (Agropyron 
tenerum), and shad scale (Atriplex canescens) also appear to be of 
some value for this purpose. It is impossible, however, to make defi- 
nite recommendations at this time. 

4. It is very necessary to test the germination qualities of native 
seeds. The grass garden started on the University grounds has served 
a useful purpose in this respect. The fact that native seed do not 
germinate when planted does not indicate that the species may not be 
a valuable one for reseeding worn-out range pastures, for it often 
occurs that native seed for various reasons does not germinate well. 
It is suspected that some of the seed gathered last season was not 
mature. This fault is often unavoidable, either on account of the 
methods of fruiting of the plant or on account of the collector’s lack 
of time to wait for maturity. 

5. Experiments thus far conducted in reseeding the worn-out mesa 
pastures having been begun in the month of January, it is desirable 
that subsequent experiments be carried on during or just before the 
summer rains. July or November will probably prove to be the best 
months for planting in this locality. 

. 6. Judging from the season of 1900, grass seed can be most advan- 
tageously collected in the month of October. Seed of the native salt 
bushes can be gathered at any time from October to January. 

7. On account of the excessive erosion careful attention should be 
paid to all cultural operations, and implements should be drawn in 
such a way that the rainfall may be held and spread over as much 
land as possible. In other words, cultural operations which extend 
diagonally across the drainage will usually prove most beneficial. 

8. Fifty-two acres of the fenced portion of the reservation are under 
cultivation. This area is divided into 60 plats, upon which have been 
sown about 40 species of forage plants. 
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LETTER OF TRANSMITTAL. 


U. S. DEPARTMENT OF AGRICULTURE, 
Bureau oF Piant INpusTRY, 
OFFICE OF THE CHIEF, 
Washington, D. C., September 10, 1901. 
Str: I have the honor to transmit herewith the manuscript of an 
inventory of seeds and plants imported for distribution in cooperation 
with the agricultural experiment stations. Many of these importa- 
tions have proved to be of great value to the agricultural industries 
of the United States. Attention is called to the introductory state- 
ment (p. 5) for information regarding the distribution of the seeds and 
plants listed. 
I recommend the publication of this manuscript as Bulletin No. 5 
of the Bureau series. 
Respectfully, 
B. T. GatLoway, 
Chief of Bureau. 
Hon. JaMEs WILSON, 
Secretary of Agriculture. 
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INVENTORY OF FOREIGN SEEDS AND PLANTS. 


INTRODUCTORY STATEMENT. 


This inyentory or catalogue of seeds and plants received during the 
spring and summer of 1900 represents the collections of the agricul- 
tural explorers of the Department of Agriculture in foreign countries, 
and also the receipts from various other sources. Included in the list 
are the seeds of a large number of native plants obtained for exchange 
with botanists and horticulturists abroad, it being possible to secure 
in this manner many valuable seeds and plants not for sale by dealers. 

An effort has been made to verify every name, but in many cases 
the only sources of information have been the persons from whom the 
seeds or plants were obtained, while in some cases only colloquial 
names were obtainable. It is probable, therefore, that some of the 
names will be found to-be incorrect. 

The publication of this list has been so long delayed that many of 
the numbers are already entirely exhausted, as indicated by the word 
**Distributed.” and many others will probably be distributed before 
this inventory reaches the experimenters. 

The supply of seeds and plants at the disposal of this office is in most 
cases quite limited, inasmuch as the importations are made for experi- 
mental purposes and not for general distribution, it being unwise to 
make the latter until the value of the plants distributed is known. 
Distribution of the plants here catalogued will be confined almost 
entirely to the agricultural experiment stations and to persons known 
to be careful and reliable experimenters. It must not be expected that 
all or even the greater part of the importations will prove valuable. 
However, it is important that records not only of successes but of fail- 
ures be obtained in order that future work may be more successful. 

It is especially desirable that all persons receiving seeds or plants 
should retain the original numbers marked on the packages, as all the 
reports or other information will be filed under these numbers, and in 
this way be easy of access. 

Ernst A. BEsseEy, 
Assistant in Charge of Seed and Plant Introduction. 
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4351. Vicia FABA. Broad bean. 
From Naples, Italy. Received February 5, 1900. 


Aguadulce, improved. A fine bean with pods 2 inches wide and 14 to 16 inches 
long, but few-seeded and with only three or four well-grown pods on each plant. 


4352. VICIA FABA. Broad bean. 
From Naples, Italy. Received February 5, 1900. 


Sevilla Long Pod. ‘‘Stem quadrangular, erect, 2 to 23 feet high, not very stout, 
green or slightly tinged with red; foliage light green; flowers one or two to four 
in each cluster. The standard is greenish white, longer than broad, and remains 
folded in the center even when the flower is in full bloom. The first cluster of 
flowers usually appears in the axil of the seventh leaf from the base of the stem. 
The pods are about one-half inch wide and 8 to 12 inches long. solitary or in pairs, 
Vi soon Siac pendent by their weight. An early variety, but not very hardy.”’ 

7ulmorin. 


4353. VICIA FABA. Broad bean. 
From Naples, Italy. Received February 5, 1900. 


Sicilian. A purple-seeded variety, smaller and less productive than the field bean. 


4354. VIcCIA FABA. Broad bean. 
From Naples, Italy. Received February 5, 1900. 
Neapolitan. 
4355. BRASSICA OLERACEA BOTRYTIS. Broccoli. 


From Naples, Italy. Received February 5, 1900. 
Purple Navidad. Early, dark purple. 


4356. BRAssiICA OLERACEA BOTRYTIS. Broccoli. 
From Naples, Italy. Received February 5, 1900. 
Santa Teresa. ‘‘ Early, purple, changing to green when cooked.”’ (Dammann.) 
4357. BRASSICA OLERACEA BOTRYTIS. Broccoli. 
From Naples Italy. Received February 5, 1900. 
White San Isidor. 
4358. BrassiCA OLERACEA BOTRYTIS. Broccoli. 
From Naples, Italy. Received February 5, 1900. 


San Martinari. A purplish variety, which ripens in Italy in November. 


4359. BRASSICA OLERACEA BOTRYTIS. Broccoli. 
From Naples, Italy. Received February 5, 1900. 


Gennarese. A purplish variety, maturing in Italy in January. 


~ 
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4360. CICHORIUM INTYBUS. Chicory. 
From Naples, Italy. Received February 5, 1900. 


Asparagus. A variety which produces rosettes of much-thickened leaves. These 
are cooked and served cold, and are said to be delicious in salads. 


4361. BETA VULGARIS. Chard. 
From Naples, Italy. Received February 5, 1900. 


Swiss Silver-ribbed. ‘‘A fine sort, with large, wide leaves, which are very wavy, 
half-erect, and remarkable for the size of their stalks and midribs, which are often 
4 inches or more in width. Quite productive and of very good quality, with a 
delicate, slightly acidulous flavor. Theleaves may also be used for greens, the lighter- 
colored ones being the best for this purpose. Chards sown in early spring commence 
to mature their stalks in July and continue well into the winter.”’ (Vilmorin.) Dis- 
tributed. 


4362. Berra VULGARIS. Chard. 
From Naples, Italy. Received February 5, 1900. 


Curled Silver-ribbed. Almost as prolific as No. 4361, with leaves equally white but 
remarkably crimped and curled. The leafstalks are narrower, but of quite as good 
quality. 


4363. BETA VULGARIS. Chard. 


From Naples, Italy. Received February 5, 1900. 


Chilian Scarlet. A very large kind, with long, stiff, almost erect leafstalks 2 or 3 
inches wide. Leaves rather large, 2 to 25 feet long, wavy, almost curled, dark 
green, with a metallic luster. The leafstalks are bright red. Often grown as an 
ornamental plant. 


4364. Brra VULGARIS. Chard. 
From Naples, Italy. Received February 5, 1901. 

Chilian Yellow. A very large kind, with long, stiff, almost erect leafstalks 2 or 3 
inches wide. Leaves rather large, 2 to 23 feet long, wavy, almost curled, dark 
green, with a metallic luster. The leafstalks are a deep yellow. Often used as an 
ornamental plant. 

4365. CUCURBITA PEPO. Vegetable marrow. 


From Naples, Italy. Received February 5, 1900. 


4366. CUCURBITA PEPO. Vegetable marrow. 
From Naples, Italy. Received February 5, 1900. 
White Cocozella of Tripoli. 


4367. FaNnICULUM DULCE. Sweet fennel. 
From Naples, Italy. Received February 5, 1900. 


Largest of Sicily. A new Italian variety. 


4368. KaNICULUM DULCE. Sweet fennel. 
From Naples, Italy. Received February 5, 1900. 


Prince Bismarck. Remarkable for the very much thickened leafstalks. 


4369. FaNnICULUM DULCE. Sweet fennel. 


From Naples, Italy. Received February 5, 1900. 


? 


Morosini. A variety originated by Dammann in 1896. The sweetest, best, and 
most tender variety known. In three months from the seed it forms very large, 
golden yellow stalks and bright green, finely divided leaves. An excellent market- 
gardener’s variety. 
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4370. FanNIcULUM DULCE. Sweet fennel. 
From Naples, Italy. Received February 5, 1900. 
Bolognese. / 
4371. BoEHMERIA NIVEA. Ramie. 


From Naples, Italy. Received February 5, 1900. 


A perennial, native of eastern Asia, long grown in China and India. A fiber known 
as China grass is manufacturedfrom the stems. Ramie requires a hot, moist climate, 
without extremes of temperature, and a rich, moist soil, so that growth shall be 
rapid and continuous during the season. The plant is propagated by seeds, cuttings, 
layers, and division of the roots. The seeds, when used, should be started in hot- 
beds and the beds shaded until the plants are 2 to 6 inches high, when they may 
be transplanted to the fields. The best method of propagation is by dividing the 
roots. The plant is ready for harvest when the seeds commence to ripen. 

4372. CERATONIA SILIQUA. Carob. 
From Naples, Italy. Received February 5, 1900. 


St. John’s Bread, or Algaroba. (See No. 3112, Inventory No. 7.) 


4373. HovENIA DULCIS. Raisin tree. 
From Naples, Italy. Received February 5, 1900. 
(See Nos. 3028 and 3310, Inventory No. 7.) 


4374. NICOTIANA TABACUM. Tobacco. 
From Naples, Italy. Received February 5, 1900. 
Hungarian Debroe. 


4375. NICOTIANA TABACUM. Tobacco. 
From Naples, Italy. Received February 5, 1900. 


Hungarian Czetneck. 


4376. NICOTIANA TABACUM. Tobacco. 
From Naples, Italy. Received February 5, 1900. 
Hungarian Szegedin. 


4377. VIGNA CATJANG. Cowpea. 
From Naples, Italy. Received February 5, 1900, under the name of Dolichos 
sphorospermus. 
4378. PACHYRHIZOS TUBEROSUS. Yam-bean. 
From Naples, Italy. Received February 5, 1900. 


‘‘The yam-bean or ahipa isa native of Venezuela and other parts of South America 
up to elevated country. It climbs to a height of 20 feet and bears pods much larger 
than those of P. angulatus, which in a young state are used like French beans. When 
boiled they are tender and sweetish, but deleterious when raw. They are free from 
fibrous strings at the edge. Seeds variable in color. The tubers of three plants may 
fill a bushel basket. They mature in afew months. These edible tubers may attain 
a weight of 60 pounds.”’ (Von Mueller.) 


4379. VIGNA CATJANG. Cowpea. 


From Naples, Italy. Received February 5, 1900, under the name of Dolichos lubia. 


4380. Doricnos LABLARB. Madagascar bean. 
From Naples, Italy. Received February 5, 1900. 
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4381. VIGNA CATJANG. Cowpea. 
From Naples, Italy. Received February 5, 1900, under the name of Dolichos 
bahiensis. 
4382. VIGNA CATJANG. Cowpea. 
From Naples, Italy. Received February 5, 1900, under the name of Dolichos 
bicontortus. 


4383. DoLIcHOS ATROPURPUREUS. 


From Naples, Italy. Received February 5, 1900. 


4384. DoLICcHOS SEMPERVIRENS. 


From Naples, Italy. Received February 5, 1900. 


4385. PHASEOLUS CARACALLA. 
From Naples, Italy. Received February 5, 1900. 


4386. PANICUM TEXANUM. Colorado grass. 
From Fort Werth, Tex. Received February 5, 1900. 


(This seed was destroyed because of its low germination. ) 


4387. ZRFA. MAYS. Corn. 


From Texas. Received February 7, 1900. 


Mexican June. This variety is much used in Mexico and southern Texas for late 
planting. In the southern half of the Gulf States it can be successfully grown after 
a crop of oats, millet, or wheat has been harvested. It is a white corn and the ears 
are of a good size, each stalk producing from one to three ears. The stalks attain a 
height of from 10 to 15 feet. The blades are more numerous than on most other 
varieties, making this valuable for forage or ensilage purposes. It is often planted 
between rows of Irish potatoes and other truck, and is suitable for rich bottom lands 
that become dry enough to plant early in June. 


4388. MIMUSOPS BALATA. Balata. 
From Georgetown, British Guiana. Received February 7, 1900, from John 
Guillat. 


This tree is the source of the balata gum of commerce, a substance closely resem- 
bling guttapercha, and substituted for it in many manufactures. It is a native of 
tropical South America. Distributed. 


4389. CUCUMIS MELO. Winter muskmelon. 


From California. Received February 8, 1900. Presented by Ira W. Adams, 
of Calistoga, Cal. 


“The seed of this valuable melon was procured by Dr. J. D. B. Stillman, at 
Smyrna, in 1879. It came from the city of Cassaba, in Asia Minor, a city celebrated 
for the fine quality of its melons. IL found them to be the sweetest, spiciest, and 
most delicious melons I ever ate. I could compare them to nothing else I ever ate 
in the fruit line, unless it was to a ripe, luscious pineapple. I kept one of these mel- 
ons through the winter of 1885, until April 3; it was then fully ripe and very deli- 
cious. They should be planted the same as other muskmelons and picked after the 
frost has killed the vines or nipped them pretty badly. Light frosts do not harm 
them in the least. Cut off the stem quite close to the melon and handle carefully, 
putting them in the coolest and dryest place you haye. If stored in a warm room 
they ripen very rapidly, and will be gone before the winter fairly setsin. This melon, 
unlike any other I have ever seen, when cut from the vine is very hard, especially 
two-thirds of it from the stem end, and quite rough and deeply corrugated, deflect- 
ing, however, very much from a straight line. The rind is of a grayish-green color, 
and can scarcely be indented with the thumb nail. The flesh is a creamy green and 
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very thick and firm. When fully ripe most of them turn a little yellow, some quite 
yellow, and a spot on the blossom end about the size of a half dollar will be found 
quite mellow on pressing it. This is an infallible test, and you may be sure the 
melon is fit to eat, notwithstanding it may still look green, and most of the rind may 
yet remain very hard. They are excellent feed for milch cows, calves, horses, and 
poultry. The average weight for salable melons is from 6 to 10 pounds, although I 
have raised a great many that weighed 12 to 15 pounds each, and one that weighed 
193 pounds. I have had these melons in my yard entirely exposed to the weather 
when the temperature was down to 32° and 30° above zero, without being harmed 
in the least. I plant the seeds of this melon here from the Ist to the 10th of May, 
in hills 6 feet apart each way, leaving finally two plants ina hill. I cultivate them 
doreneply once a week both ways,-until the vines interfere.’’ (Adams.) Dis- 
tributed. 


4390. ZEA MAYS. Corn. 
From Tennessee. Received February 8, 1900. 
Wellborn’s Conscience. Seed destroyed. 


4391. AVENA SATIVA. Oat. 
From North Dakota. Received February 1, 1900. 


White Russian. This is a very hardy oat, prolific and of excellent quality. It is 
admirably adapted for cultivation in the coldest latitudes of this country, having 
originated in a similar climate. It is about the most resistant to crown rust of all 
northern-grown varieties. Should be sown very early—as soon as the opening of 
spring will permit. 


4392. TRITICUM COMPACTUM. Wheat. 
From Idaho. Received February, 1900. 


Little Club. This variety is one of the club group of wheats, and is commonly 
grown in Washington, Idaho, and Oregon. It may be sown in autumn or spring. 
The plant is short, with short but very compact, beardless heads, well filled. The 
grain is white, soft and starchy, rounded, and pointed, somewhat similar in shape to 
barley grains. It is adapted admirably to all Northwestern mountain States, but 
might also be tried in the more southern States if sown in October. 


4393. ZA MAYS. Corn. 
From South Carolina. Received February, 1900. 

Garick’s Prolific. A white field corn with medium ears. Stalks stout, leafy, bear- 
ing two to five ears, which finally become pendent. An excellent variety for the 
South. 

4394. MEDICAGO SATIVA. Alfalfa. 
From northern Utah. Received February 8, 1900. Distributed. 


4395. MEDICAGO SATIVA. Alfalfa. 


From southern Utah. Received February 8, 1900. Distributed. 


4396. PHLEUM PRATENSE. Timothy. 
From Utah. Received February 8, 1900. 


4397. LANDOLPHIA HENDELOTII. 
From France. Received February 10, 1900. 


The Landolphias are African rubber plants. They are lianes or vines. Recent 
experiments indicate that all of the caoutchouc in the plant may be extracted by 
mechanical means, the stems being first dried and then macerated in warm water. 
Distributed. 
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4398. LANDOLPHIA KLEINII. 
From France. Received February 10, 1900. 
(See No. 4897.) Distributed. 


4399. Ficus ELASTICA. Assam rubber. 
From France. Received February 14, 1900. 


‘‘Assam rubber comes mostly from Ficus elastica. A little of it is derived from Uro- 
stigma laccifera. Ficus elastica grows in the hot mountain valleys of the Himalayas, 
between 70° and 80° east longitude, where the’air remains warm and damp and the 
mercury stands at 38° C. in the shade.’’ (Semmler.) Distributed. 


4400. Ficus RELIGIOSA. Fig of Scripture. 
From France. Received February 14, 1900. 


Somewhat similar to No. 4399 in that it is the source of a commercial rubber in the 
East Indies. Distributed. 


4401. PITHECOLOBIUM SAMAN. Rain tree. 


From France. Received February 14, 1900. 
Inga Saman. The pods of this West Indian tree are useful for forage, resembling 
those of the mesquite bean. The tree has been recommended as a nurse tree in 
banana or coffee plantations. (See No. 2724, Inventory No. 7.) 


4402. Berra VULGARIS. Sugar beet. 


From Germany. Presented by Mr. Ad. Strandes, of Rittergut, Zehringen bei 
Cothen. Received February 15, 1900. 


Zehringen Elite, from polarized mother beets. Distributed. 


4403. ZEA MAYS. Sugar corn. 
From New York. Received February 14, 1900. 
Stowell’s Evergreen. 


4404. TRITICUM VULGARE. Wheat. 
From Minnesota. Received February 16, 1900. 


Wellman’s Fife. An improved strain of the ‘‘Saskatchewan’’ and further im- 
proved through rigid seed selection by Mr. D. L. Wellman, of Frazee City, Minn. 
Claimed to be particularly hardy, productive, and rust-resistant. A bald variety with 
medium-sized hard, red grains. Should be sownas early in the spring as the weather 
will permit. Adapted to all Northern spring-wheat districts. 


4405. ANDROPOGON SORGHUM. Sorghum. 


From Missouri. Received February 15, 1900. Presented by Mr. W. P. Griffin, 
of Altamont. 


An improved variety, originated by Mr. Griffin. It is better adapted for sirup 
than the Amber cane, because the juice does not granulate so readily. The cane is 
stout, erect, firmly rooted. It matures in 12 to 14 weeks, and isa heavy yielder both 
of juice and seed. 


4406. AVENA SATIVA. Oat. 
From Texas. Received February 13, 1900. 


Texas Rust-proof. This prolific variety of red oat is very popular in Texas and 
other portions of the Southern States, particularly because of its rust-resisting qual- 
ities, as the oat crop in that region is often ruined by rust if ordinary varieties are 
sown. It should be sown in the fall or early in the spring. It is one of the best 
varieties for the South. 
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4407. AVENA SATIVA. Oat. 


From Rock West, Ala. Received February 15, 1900. 


Ninety Day. An early-maturing oat. Presented by Mr. W. P. Murphy. 


4408. TRIFOLIUM ALPINUM. Clover. 
From Grenoble, France. Received F ebruary 15, 1900. 


This clover was one of the most promising sorts grown in the Alpine grass garden 
at Grenoble. 


4409-4413. LAGENARIA VULGARIS. Gourd. 
From Naples, Italy. Received February 19, 1900. 
A collection of ornamental gourds useful for trellis work: 
4409. LAGENARIA VULGARIS DEPRESSA. 
4410. LaAGENARIA VULGARIS MAXIMA. 
4411. LaAGENARIA VULGARIS LONGISSIMA. 
4412. LAGENARIA VULGARIS. 


4413. LaGeNnaria vuLearis, Pulverhorn. 


4414. CapRIOLA DACTYLON. Bermuda grass. 
From Australia. Received February 18, 1900. 


4415. Pinus. Pine. 


From Syria. Presented by Mr. W. Michael, of Congo, Ky. Received February 
24, 1900. 


A pine from the slopes of Mount Lebanon. 


4416. BrTa VULGARIS. Sugar beet. 
From Proskurow, Russia. Received through Dr. Mrozinski, February 27, 1900. 


Kleinwanzlebener (Mrozinski, No. 2, Russia). Seed from beets grown on clayey 
black prairie soil. (See No. 3941, Inventory No. 8.) Distributed. 


4417. BROMUS INERMIS. Smooth brome grass. 
From Portland, Oreg. Received March, 1900. 


Oregon-grown seed. (See No. 2964, Inventory No.7.) Distributed. 


4418. Bromus INERMIS. Smooth brome grass. 
From Portland, Oreg. Received February 28, 1900. 


Seed grown in the vicinity of Spokane, Wash. (See No. 2964, Inventory No. 7.) 
Distributed. 


4419. BROMUS INERMIS. Smooth brome grass. 
From Toronto, Canada. Received February 28, 1900. 


Seed grown in Assiniboia, Northwest Territory, Canada. (See No. 2964, Inventory 
No. 7.) Distributed. 


4420. Bromus INERMIs. Smooth brome grass. 
From Manitoba. Received March, 1900. 
Seed grown in Manitoba, Canada. (See No. 2964, Inventory No. 7.) Distributed. 
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4421. NICOTIANA TABACUM. Tobacco. 
From Naples, Italy. Received February 26, 1900. 
Sumatra. 
4422. NICOTIANA TABACUM. Tobacco 


From Naples, Italy. Received February 26, 1900. 
Brazilian. 


4423. CoOVILLEA DIVARICATA. Greasewood. 
From Tucson, Ariz. Received through Mr. W. T. Swingle, December, 1899. 


4424. PROSOPIS VELUTINA Mesquite. 


From Tueson, Ariz. Received through Mr. W. T. Swingle, November, 1899. 


4425. PROSOPIS VELUTINA / Mesquite. 


From Tuscon, Ariz. Received through Mr. W. T. Swingle, November, 1899. 


4426. VITIS ARIZONICA. 


From Tueson, Ariz. Received through Mr. W. T. Swingle, December, 1899. 


4427. ZIzYPHUS LYCIOIDES. 


From Arizona. Received through Mr. W. T. Swingle, December, 1899. Dis- 


tributed. 
4428. + 
From Benson, Ariz. Received through Mr. W. T. Swingle, November, 1899. 
Distributed. 


4429. lLyctIuM ERICOIDES. 


From Benson, Ariz. Received through Mr. W. T. Swingle, December, 1899. 


4430. EcHINOCACTUS WISLIZENI. Visnaga. 


From Benson, Ariz. Received through Mr. W. T. Swingle, December, 1899. 


4431. SESBANIA MACROCARPA. 


From Yuma, Ariz. Received through Mr. W. T. Swingle, November, 1899. 


4432. ATRIPLEX CANESCENS. 
From Yuma, Ariz. Received through Mr. W. T. Swingle, December, 1899. Dis- 


tributed. 
4433. PARKINSONIA TORREYANA. Palo verde. 
From Yuma, Ariz. Received through Mr. W. T. Swingle, November, 1899. 
Distributed. 


4434. HoLAcANTHA EMORYI. 


From Maricopa, Ariz. Received through Mr. W. T. Swingle, December, 1899. 


4435. PROSOPIS JULIFLORA ‘4 Mesquite. 


From Tempe, Ariz. Received through Mr. W. T. Swingle, November, 1899. 
Distributed. 
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4436. PRosOPIS PUBESCENS/ Mesquite. 
From California, near Yuma, Ariz. Received through Mr. W. T. Swingle, 
November, 1899. 
4437. ATRIPLEX LENTIFORMIS. 


From California, near Yuma, Ariz. Received through Mr. W. T. Swingle, 
November, 1899. 


4438. ASCLEPIAS SUBULATA. 
From California. Received through Mr. W. T. Swingle, November, 1899. 


4439. ATRIPLEX LENTIFORMIS. 


From California, near Yuma, Ariz. Received through Mr. W. T. Swingle, 
November, 1899. Distributed. 


4440. CUCUMIS MELO. Muskmelon. 
From Applegate, Cal. Presented by Col. John P. Irish, through Mr. W. T. 
Swingle, October, 1899. 
4441. MerpiIcaGo LUPULINA. 
From Applegate, Cal. Received through Mr. W. T. Swingle, October, 1899. 


4442. TRICHOSTEMA LANCEOLATUM. 
From Applegate, Cal. Received through Mr. W. T. Swingle, October, 1899. 
Distributed. 
4443. LOorus SERICEUS. 


From Applegate, Cal. Received through Mr. W. T. Swingle, October, 1899. 
Distributed. 


4444. LUPINUS ARBOREUS. 
From San Francisco, Cal. Received through Mr. W.T. Swingle, November, 1899. 


4445. LINUM GRANDIFLORUM. 
From Berkeley, Cal. Received through Mr. W. T. Swingle, October, 1899. 


4446. LUPINUS DENSIFLORUS. 
From Hornbrook, Cal. Received through Mr. W. T. Swingle, October, 1899. 


4447. YUCCA WHIPPLEI. 
From Los Angeles, Cal. Received through Mr. W. T. Swingle, November, 1899. 


4448. ScHINUS MOLLE. Pepper tree. 
From California. Received through Mr. W. T. Swingle, October, 1899. 


4449. VITIS CALIFORNICA. 
From Sacramento, Cal. Received through Mr. W. T. Swingle, October, 1899. 
Distributed. 
4450. RoprniA NEO-MEXICANA. 
From California. Received through Mr. W. T. Swingle, October, 1899. 
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4451. FouQUIERIA SPLENDENS. Ocatillo. 
From California, opposite Yuma, Ariz. Received through Mr. W. T: Swingle, 
November, 1899. Distributed. 
4452. PLATANUS RACEMOSA. 
From Santa Barbara, Cal. Received through Mr. W. T. Swingle, November, 
1899. 
4453. PHASEOLUS VULGARIS. Bean. 


From Applegate, Cal. Presented by Col. John P. Irish, through Mr. W. T. 
Swingle, October, 1899. Distributed. 


Frijole Romana. 


4454. GILIA AGGREGATA. 


From Spokane Falls, Wash. Received through Mr. W. T. Swingle, September, 
1899. Distributed. 


4455. BROMUS PORTERI. 
From Pullman, Wash. Received through Mr. W. T. Swingle, September, 1899. 


Distributed. 
4456. RuMEX HYMENOSEPALUS. Canaigre. 
From Tempe, Ariz. Received through Mr. W. T. Swingle, November, 1899. 

Distributed. 


4457. (AULTHERIA SHALLON. 
From Seattle, Wash. Received through Mr. W. T. Swingle, October, 1899. 


4458. MAMMILLARIA GRAHAMI. 
From Hermosillo, Mexico. Received through Mr. W. T. Swingle, December, 
1899. 
4459. CRATZGUS. 


From Hermosillo, Mexico. Received through } 
1899 


al 
am 


. W. T. Swingle, December, 


4460. VALLESIA GLABRA. 
From Hermosillo, Mexico. Received through Mr. W. T. Swingle, December, 
1889. 
4461. PERITYLE LEPTOGLOSSA. ; 
From Hermosillo, Mexico. Received through Mr. W. T. Swingle, December, 
1899. 
4462. MArTYNIA FRAGRANS. 
From Hermosillo, Mexico. Received through Mr. W. T. Swingle, December, 
1899. ; 
“463. STEGNOSPERMA HALIMIFOLIA. 
From Hermosillo, Mexico. Received through Mr. W. T. Swingle, December, 
1899. ., 
4464. ASCLEPIAS SUBULATA. 


From Hermosillo, Mexico. Received through ) 
1899. 


_ 


r. W. T. Swingle, December, 
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4465. PARKINSONIA ACULEATA. Vagote. 

From Hermosillo, Mexico. Received through Mr. W. T. Swingle, December, 
1899. Distributed. 


Swingle, December, 1899. 


4466. NISSOLIA SCHOTTII. 
From Moreno, Mexico. Received through Mr. W. T. 
Distributed. 
4467. COUTAREA LATIFOLIA. 
From Moreno, Mexico. Received through Mr. W. T. Swingle, December, 1899. 
Distributed. 
4468. ACACIA FILICULOIDES. 
From Moreno, Mexico. Received through Mr. W. T. Swingle, December, 1899 
Distributed. 
Palo verde. 


Swingle, December, 1899. 


4469. PARKINSONIA. 
Mr. W. T. 


From Moreno, Mexico. Received through 


Distributed. 
4470. FouqQurierRia. Ocatillo. 
From Moreno, Mexico. Received through Mr. W. T. Swingle, December, 1899 
4471. CA#SALPINIA GRACILIS. 
From Moreno, Mexico. Received through Mr. W. T. Swingle, December, 1899. 
Distributed. 
Pitahaya. 


4472. CEREUS THURBERI. 
Mr. W. T. Swingle, December, 1899. 


From Moreno, Mexico. Received through 


4473. CEREUS PECTEN-ABORIGINUM. 
Mr. W. T. Swingle, December, 1899. 


From Moreno, Mexico. Received through 


Distributed. 
Sea-island cotton. 


4474. (JOSSYPIUM BARBADENSR. 
From James Island, South Carolina. Received February 28, 1900, through the 
Division of Vegetable Physiology and Pathology. Presented by Mr. F. P. 


Seabrook. 
This is one of the best varieties of sea-island cotton. 
Dahlia. 


4475. DAHLIA VARIABILIS. 
Received through Wulle & Co., February 28, 1900. 


From Naples, Italy. 


Dahlia excelsior fantasia. Distributed. 
Dahlia. 


28, 1900. 


4476. DAHLIA VARIABILIS. 
Received through Wulle & Co., February 


From Naples, Italy. 
Dahlia variabilis Imperialis. 

4477. HgeLIOTROPIUM INCANUM. Heliotrope. 

Received through Wulle & Co., February 28, 1900. 


From Naples, Italy. 
Non plus ultra. Distributed. 
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4478. ‘TORENIA FOURNIERI. Torenia. 


From Naples, Italy. Received through Wulle & Co., February 28, 1900. 


Princess Helena of Montenegro. Torenia with giant flowers. Distributed. 


4479. ‘TORENIA FOURNIERI. Torenia. 
From Naples, Italy. Presented by Wulle & Co., February 28, 1900. 
The Bride. "Distributed. 


4480. [poma@a COLLATA. 
From Naples, Italy. Received February 28, 1900. 


Ipomoe collata cinerea. A very delicately colored new hybrid with corolla irregular 
like the Japanese sorts. 


448Y. IeoM@a LEARI. 
From Naples, Italy. Received February 28, 1900. 


Ipomea leari perenne splendida. A remarkably rapid grower; very showy. 


4482. BRASSICA OLERACEA BOTRYTIS. Broccoli. 
From Naples, Italy. Received through Wulle & Co., February 28, 1900. 


Early Violet. RipensinJanuary. A spring and summer vegetable, like cauliflower, 
but with green heads. 


4483. BRaAssICA OLERACEA BOTRYTIS. Broccoli. 
From Naples, Italy. Received February 28, 1900. 


Febralino. Ripensin February. A spring and summer vegetable, like cauliflower, 
but with green heads. 


4484. FanIcULUM DULCE. Sweet fennel. 
From Naples, Italy. Received February 28, 1900. 


Doux de Boulogne. An excellent vegetable, which deserves trial by American 
gardeners. 


4485. FaNICULUM DULCE. Sweet fennel. 
From Naples, Italy. Received February 28, 1900. 
Dousx de Messina. (See No. 4484. ) 


4486. LAcTUCA SATIVA. Lettuce. 
From Naples, Italy. Received February 28, 1900. 

Scarlet Genezzano. ‘‘A black-seeded variety; head very hard, brown, but yellow 
inside. It lasts a long time and withstands the highest temperatures and drought. 
Worthy of trial in all arid and semiarid regions.’’ (Fairchild. ) 

4487. ALLIUM CEPA. Onion. 
From Naples, Italy. Received February 28, 1900. 


Tripoli Barletta Wonder. A small, very early white variety. 


4488. ALLIUM CEPA. Onion. 
From Naples, Italy. Received February 28, 1900. 


Silver-white Nocera. 
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4489. ALLIUM CEPA. Onion. 
From Naples, Italy. Received February 28, 1900. 


Giant Rocca. Blood red. 


4490. ALLIUM CEPA. Onion. 
From Naples, Italy. Received February 28, 1900. 
Bassano. Dark red. 


4491. LyYCOPERSICUM ESCULENTUM. Tomato. 
From Naples, Italy. Received February 28, 1900. 


Prince Bismarck. ‘‘A larger fruit than the Peach tomato, with yellow skin. A 
seedling from the Peach, but differing from it in color.’’? (Fairchild. ) 


4492-4498. LAGENARIA VULGARIS. Gourd. 
From Naples, Italy. Received February 28, 1900. 


A collection of the so-called Zuccini. The immature fruits are cooked like vege- 
table marrow or summer squash. These are worthy atrial. They are as follows: 


4492. Cravara. A club-shaped gourd. 
4493. DeEpPRESSA. 

4494. CANTEEN. 

4495. Borrte. 

4496. Minima. Dwar. 

4497. PowDpERHORN. 

4498. MIxep. 


4499. LUPINUS ARBOREUS. 
From Berkeléy, Cal. Received through Mr. W. T. Swingle, January, 1900. 


Distributed. 
4500. FouQUIERIA SPINOSA / Ocatillo. 
From Moreno, Mexico. Received through Mr. W. T. Swingle, December 16, 
1899. 


4501. RaANDIA THURBERI. 
From Moreno, Mexico. Received through Mr. W. T. Swingle, December, 1899. 
Distributed. 
4502. Acacia? 


From Moreno, Mexico. Received through Mr. W. T. Swingle, December, 1899. 


4503. ANTIGONON LEPTOPUS. 
From Moreno, Mexico. Received through Mr. W. T. Swingle, December, 1899. 
Distributed. 
4504. BurRSERA MICROPHYLLA. Torrote blanco. 


From Moreno, Mexico. Received through Mr. W. T. Swingle, December, 1899. 


4505. CEREUS PECTEN-ABORIGINUM / 


From Moreno, Mexico. Received through Mr. W. T. Swingle, December, 1899. 
Distributed. 
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4506. PARKINSONIA. Palo verde. 

From Moreno, Mexico. Received through Mr. W. T. Swingle, December, 1899. 
Distributed. ; 

4507. HIR#A SEPTENTRIONALIS. Gallinito. 


From Hermosillo, Mexico. Received through Mr. W. T. Swingle, December, 
1899. Distributed. 


4508. CALOPHANES PENINSULARIS. 
From Guaymas, Mexico. Received through Mr. W. T. Swingle, December, 1899. 


4509. Ha#®MATOXYLON BOREALE. 


From Guaymas, Mexico. Received through Mr. W 
Distributed. 


y 


. T. Swingle, December, 1899. 


4510. PITHECOLOBIUM SONORS. 
From Guaymas, Mexico. Received through Mr. W. T. Swingle, December, 1899) 


4511. PoINCIANA REGIA. Arbol de fuego. 


From Guaymas, Mexico. Presented by Sefior Bustamante, through Mr. W. T. 
Swingle, December, 1899. 


4512. Ficus FASCICULATA. 


From Guaymas, Mexico. Received through Mr. W. T. Swingle, December, 1899. 
Distributed. 


4513. LORANTHUS. 


From Guaymas, Mexico. Received through Mr. W. T. Swingle, December, 1899. 
Distributed. 


4514. EcHINOCACTUS. 
From Guaymas, Mexico. Received through Mr. W. T. Swingle, December, 1899 


4515. BEBBIA JUNCEA. 


From Guaymas, Mexico. Received through W. T. Swingle, December, 1899. 


4516. DrospyRos. Guayparin. 
From Hermosillo, Mexico. Received through Mr. W. T. Swingle, December, 
1899. Distributed. 
4517. PARKINSONIA ACULEATA. Vagote. 
From Hermosillo, Mexico. Received through Mr. W. T. Swingle, December, 
1899. Distributed. 
4518. NICOTIANA GLAUCA.: 
From San Juan, Mexico. Received through Mr. W. T. Swingle, December, 
1899. Distributed. 
4519. BuRSERA MICROPHYLLA. 
From Guaymas, Mexico. Received through Mr. W. T. Swingle, December, 
L899. 
4520. CRESCENTIA ALATA. Ayal. 


From Hermosillo, Mexico. Received through Mr. W. T. Swingle, December, 
1899. Distributed. 
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4521. PITHECOLOBIUM DULCE. 


From Hermosillo, Mexico. 
1899. 


4522. CARTHAMUS TINCTORIUS. 


From Hermosillo, Mexico. 


1899. 
4523. ABRUS PRECATORIUS. 
From Hermosillo, Mexico. Received through 
1899. 


4524. QUERCUS EMORYI. 


From Hermosillo, Mexico. 
1899. Distributed. 


Received through 


4525. MARTYNIA PROBOSCIDEA. 


From Hermosillo, Mexico. 
1899. 


4526. CapsicUM ANNUUM. 


From Hermosillo, Mexico. 
1899. Distributed. 


Chipotle. 


Received through 


4527. CapsIcUM ANNUUM. 


From Hermosillo, Mexico. 
1899. 


Received through 


Chile ancho. 


4528. Capsicum. 


From Hermosillo, Mexico. 
1899. 


Chile pasilla or C. piasia? 


Received through 


4529. CAPSICUM FRUTESCENS BACCATUM. 


From Hermosillo, Mexico. Received through 


1899. 
Chiltipines. 


4530. CaAPpsicUM ANNUUM. 


From Hermosillo, Mexico. 
1899. 


Chile colorado. 


Received through 


4531. CapsicUM ANNUUM. 


From Hermosillo, Mexico. 
1899. Distributed. 


Received through 
Chile costeno. 


SIMMONDSIA CALIFORNICA. 


Received through 


4532. 


From Hermosillo, Mexico. 
1899. 


Received through Mr. W. 


Received through Mr. W. 


Mr. 


Mr. 


Received through Mr. 


Mr. 


Mr. 


Mr. 
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Mr. 


Mr. 


ts. WE 


Mr. 
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W. 
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W. 
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Guaymochil. 


. Swingle, December, 


Safflower. 


Swingle, December, 


. Swingle, December, 


. Swingle, December, 


Swingle, December, 


Red pepper. 


. Swingle, December, 


Red pepper. 


. Swingle, December, 


Red pepper. 


. Swingle, December, 


Bird pepper. 


. Swingle, December, 


Red pepper. 


. Swingle, December, 


Red pepper. 


. Swingle, December, 


Jojoba. 


Swingle, December, 
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4533. PITHECOLOBIUM DULCE. Guaymochil. 

From Hermosillo, Mexico. Received through Mr. W. T. Swingle, December, 
1899. 

4534. SALVIA COLUMBARI®. Chia. 


From Hermosillo, Mexico. Received through Mr. W. T. Swingle. 


4535. 
From Hermosillo, Mexico. Received through Mr. W. T. Swingle, December, 
1899. 
4536. PINUS EDULIS? Pifion. 
From Hermosillo, Mexico. Received through Mr. W. T. Swingle, December, 
1899. 


4537. OLNEYA TESOTA. 
From Hermosillo, Mexico. Received through Mr. W. T. Swingle, December, 
1899. 
4538. ‘TAMARINDUS INDICA. Tamarind. 
From Hermosillo, Mexico. Received through Mr. W. T. Swingle, December, 
1899. Distributed. 
4539. CEREUS SCHOTTII. 


From Tucson, Ariz. Presented by Prof. J. W. Toumey, through Mr. W. T. 
Swingle, December, 1899. Distributed. 


4540. ACACIA LONGIFOLIA. 
From Oakland, Cal. Received through Mr. W. T. Swingle, December, 1899. 


4541. Zizyruus? Chinese date. 
From San Francisco, Cal. Received through Mr. W. T. Swingle, October, 1899. 


4542. SyYMPHORICARPOS RACEMOSUS. Snowberry. 
From Pullman, Wash. Received through Mr. W. T. Swingle, September, 1899. 
Distributed. 


4543. RIBES DIVARICATUM / 


From Seattle, Wash. Received through Mr. W. T. Swingle, October, 1899. 


4544. HuMmMuULUs LUPULUS. Hop. 
From Puyallup, Wash. Received through Mr. W. T. Swingle, October, 1899. 
Distributed. 


Cluster Hop. 


4545. BROMUS VULGARIS EXIMIUS. 
From Seattle, |Wash. Received through Mr. W. T. Swingle, October, 1899. 
Distributed. 
4546. CHAMZNERION ANGUSTIFOLIUM. Fireweed. 


From Madrofia Park, Seattle, Wash. Received through Mr. W. T. Swingle, 
October, 1899. Distributed. 
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4547. ANAPHALIS MARGARITACEA. Everlasting. 

From Seattle, Wash. Received through Mr. W. T. Swingle, October, 1899. 
Distributed. 

4548. “Lo han qua.” 


From San Francisco, Cal. Received through Mr. W. T. Swingle, December, 
1899. Distributed. 
4549. CEPHALANTHUS OCCIDENTALIS. Button-bush. 


From Manhattan, Kans. Received through Mr. W. T. Swingle, December, 1899. 


4550. PANICUM VIRGATUM. 
From Manhattan, Kans. Received through Mr. W. T. Swingle, December, 1899. 
Distributed. 
4551. PoLYGONUM DUMETORUM SCANDENS. 


From Manhattan, Kans. Received through Mr. W. T. Swingle, December, 1899. 


Distributed. 
4552. AMORPHA FRUTICOSA. False indigo. 
From Manhattan, Kans. Received through Mr. W. T. Swingle, December, 1899. 
Distributed. 
4553. HuMULUS LUPULUS. Wild hop. 
From Manhattan, Kans. Received through Mr. W. T. Swingle, December, 1899. 
Distributed. 
4554. LIATRIS PUNCTATA. Blazing-star. 
From Manhattan, Kans. Received through Mr. W. T. Swingle, December, 1899. 
Distributed. 
4555. CELTIS OCCIDENTALIS. Hackberry. 


From Manhattan, Kans. Received through Mr. W. T. Swingle, December, 1899. 


4556. CELTIS OCCIDENTALIS. Hackberry. 


From Manhattan, Kans. Received through Mr. W. T. Swingle, December, 1899. 


4557. PLATANUS OCCIDENTAL. Plane tree. 


From Manhattan, Kans. Received through Mr. W. T. Swingle, December, 1899. 


4558. RHUS GLABRA. Sumac. 


From Manhattan, Kans. Received through Mr. W. T. Swingle, December, 1899. 


4559. CERCIS CANADENSIS. Red bud. 
From Manhattan, Kans. Received through Mr. W. T. Swingle, December, 1899. 
Distributed. 
4560. CERCIS CANADENSIS. Red bud. 
From Manhattan, Kans. Received through Mr. W. T. Swingle, December, 1899. 
Distributed. 
4561. RuHUs GLABRA. _ Sumac. 


From Manhattan, Kans. Received through Mr. W. T. Swingle, December, 1899. 
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4562. (GLEDITSIA TRIACANTHOS. Honey locust. 
From Manhattan, Kans. Received through Mr. W. T. Swingle, December, 1899. 


From a nearly thornless tree. Distributed. = 


4563. (GLEDITSIA TRIACANTHOS. Honey locust. 
From Manhattan, Kans. Received through Mr. W. T. Swingle, December, 1899, 


From an entirely thornless tree. Distributed. 


4564. (GLEDITSIA TRIACANTHOS. Honey locust. 
From Manhattan, Kans. Received through Mr. W. T. Swingle, December, 1899. 


From a thorny tree. Distributed. 


4565. CUCURBITA PEPO. Vegetable marrow. 
From Westfield, Mass. Received through Mr. H. L. Loomis, March 1, 1900. ~ 


Originally from Honolulu. Distributed. 


4566. ERIOBOTRYA JAPONICA. Loquat. 
From Sicily. Received through Messrs. Lathrop and Fairchild, March 5, 1900. 


Palermo. A new variety originated by Dr. C. Sprenger, Vomero, Naples, Italy. 
Distributed. 


4567. ERIOBOTRYA JAPONICA. Loquat. 
From Sicily. Received through Messrs. Lathrop and Fairchild, March 5, 1900. 
Limoncella. A new strain originated by Dr. C. Sprenger, Vomero, Naples, Italy. 


Distributed. 


e 


4568. ZrA MAYS. Corn. 
From Kansas. Received March 6, 1900. 


A yellow dent. 


4569. ZEA MAYS. _ Corn. 
From Kansas. Received March 6, 1900. 
Roseland White. 


4570. OPUNTIA FICUS-INDICA INERMIS. Spineless cactus. 
From France. Received March 6, 1900. 


This spineless pear cactus is extensively grown in Algeria for forage. 


4571. PANICUM MILIACEUM. Broom-corn millet. 
From Smrzicich, Moravia. Received trom Frant. Vodicka, March 6, 1900. 


This millet is one of the most important crops in many parts of Moravia. 


4572. HorprUM DISTICHUM NUTANS. Barley. 
From Smrzicich, Moravia. Received from Frant. Vodicka, March 6, 1900.. 


Hanna. ‘‘A famous variety of barley for malting purposes. It is grown in the 
valley of the river Hanna, the richest part of Moravia.” (Dongres.) 


4573. PLATANUS OCCIDENTALIS. Plane tree. 


From Manhattan, Kans. Received through Mr. W. T. Swingle, December, 1899. 
Distributed. 
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4574. (GYMNOCLADUS CANADENSIS. Kentucky coffee tree. 

From Manhattan, Kans. Received through Mr. W. T. Swingle, December, 1899. 
Distributed. 

4575. (GYMNOCLADUS CANADENSIS. Kentucky coffee tree. 


From Manhattan, Kans. Received through Mr. W. T. Swingle, December, 1899. 


4576. SCHRANKIA UNCINATA. Sensitive briar. 


From Barton County, Kans. Presented by Mr. Albert Dickens, Kansas Agri- 
cultural Experiment Station. Received through Mr. W. T. Swingle, Febru- 


ary, 1900. 
4577. SPOROBOLUS AIROIDES. Sacaton grass. 
From Benson, Ariz. Received through Mr. W. T. Swingle, December, 1899. 
Distributed. 


4578. SAPINDUS ACUMINATUS. 
From Columbia, Tex. Received through Mr. B. F. Bush, February, 1900 


Very handsome in cultivation. 


4579. DobpECATHEON MEADII. 
From Swan, Mo. Received through Mr. B. F. Bush, February, 1900. Distributed. 


4580. EcHINACEA ANGUSTIFOLIA. 


From Lees Summit, Mo. Received through Mr. B. F. Bush, February, 1900. 


4581. RHAMNUS LANCEOLATUS. 
From Independence, Mo. Received through Mr. B. F. Bush, February, 1900. 
Distributed. 
4582. RHUS AROMATICA. 


From Swan, Mo. Received through Mr. B. F. Bush, February, 1900. 


4583. EcHINACEA PURPUREA. 
From Monteer, Mo. Received through Mr. B. F. Bush, February, 1900. Dis- 
tributed. 

4584. AGAVE VIRGINICA. 


From Swan, Mo. Received through Mr. B. F. Bush, February, 1900. Distributed. 


4585. CRATHGUS VIRIDIS. 


From Columbia, Tex. Received through Mr. B. F. Bush, February, 1900. 


4586. SMILAX ROTUNDIFOLIA. 
From Columbia, Tex. Received through Mr. B. F. Bush, February, 1900. 
Distributed. 
4587. BUMELIA LYCIOIDES. 


From Columbia, Tex. Received through Mr. B. F. Bush, February, 1900. 


4588. CISSUS STANS. 


From Columbia, Tex. Received through Mr. B. F. Bush, February, 1900. 
Distriouted. 
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4589. BERCHEMIA SCANDENS. 


From Swan, Mo. Received through Mr. B. F. 


4590. CRATEHGUS POPULIFOLIA. 


From Swan, Mo. Received through Mr. B. 


ROTUNDIFOLIA. 
Received through Mr. B. 


4591. CRATEHGUS 


From Swan, Mo. 


COLLINA. 


Received through Mr. B. 


4592. CRATEHGUS 


From Swan, Mo. 


4593. CRATAGUS SACCHARINA. 


From Swan, Mo. Received through Mr. B. F. 


4594. IJLEX DECIDUA. 


From Pleasant Grove, Mo. 
Distributed. 
4595. ViIBURNUM RUFOTOMENTOSUM. 
From Chadwick, Mo. 
tributed. 
4596. GLEDITSIA. 
From Brazoria, Tex. 
tributed. 
4597. CRAT#GUS MOLLIS. 


From Courtney, Mo. 


4598. SMILAX HISPIDA. 


From Courtney, Mo. 


4599. SyMPHORICARPOS VULGARIS. 

From Kansas. 
February, 1900. 

4600. LOTUS SERICEUS. 


From South Dakota. 
Collected by Mr. L. P. Reinoehl. 


Received through Mr. 


Received through Mr. 


Received through Mr. 


Received through Mr. 


Received through Mr. 


Presented by Mr. Leon Sw 


Received through Mr. 
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Bush, February, 1900. Distributed. 


F. Bush, February, 1900. 


F. Bush, February, 1900. 


F. Bush, February, 1900. 


Bush, February, 1900. Distributed. 


Deciduous holly. 
B. F. Bush, February, 1900. 


B. F. Bush, February, 1900. Dis- 
B. F. Bush, February, 1900. Dis- 
B. F. Bush, February, 1900. 
B. F. Bush, February, 1900. 


ingle, through Mr. W. T. Swingle, 


Dakota vetch. 


A. J. Pieters, February, 1900. 


4601. EcHinops SPH #ROCEPHALUS. Chapman’s honey plant 
From Berkeley, Cal. Presented by Prof. J. Burtt Davy, December, 1899. 
Distributed. 
4602. MAMMILLARIA GRAHAMI. 
From Washington, D. ©. Received through Mr. W. T. Swingle, February, 
1900. Distributed. 
4603. MAMMILLARIA GRAHAMI. 


From Washington, ID. ©. 


1900. Distributed. 


Received through Mr. W. T. Swingle, 


February, 
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4604. LopnopHora. 
From Washington, D. C. Received through Mr. W. T. Swingle, February, 
1900. Distributed. 
4605. LorHoPpnHorRa. 
From Washington, D. C. Received through Mr. W. T. Swingle, February, 
1900. Distributed. 
4606. LopHOPHORA WILLIAMSIIL. 


From Washington, D. C. Received through Mr. W. T. Swingle, March, 1900. 


Distributed. 
4607. BRACHYCHITON ACERIFOLIA. Flame tree. 
From Santa Ana, Cal. Presented by Dr. John M. Lacy through Mr. Newton B. 
Pierce. 


4608. CELASTRUS SCANDENS. 
From Manhattan, Kans. Presented by Mr. J. F. Swingle, through Mr. W. T. 
Swingle, March 8, 1899. 
4609. BRAHEA GUADALUPENSIS / 
From La Paz, Lower California, Mexico. Received through Mr. W. T. Swingle, 
February, 1900. 
4610. PHa@NIX DACTYLIFERA. Date. 
From Washington, D.C. Received through Mr. W. T. Swingle, March, 1900. 


Deglet Noor. Bought at a Washington fruit market. Distributed. 


4611. PHG@NIX DACTYLIFERA. Date. 


Probably from M’Zab oasis, Sahara. Presented by Yahia ben Kassem, through 
Mr. W. T. Swingle, March, 1900. 


Deglet Noor. 


4612. PHaNIX DACTYLIFERA. Date. 


Probably from M’ Zab oasis, Sahara. Presented by Yahia ben Kassem, through 
Mr. W. T. Swingle, March, 1900. 


Degla Beida. 


4613. PHG@NIX DACTYLIFERA. Date. 


Probably from M’ Zab oasis, Sahara. Presented by Yahia ben Kassem, through 
Mr. W. T. Swingle, March, 1900. 


Todala techeleff. Distributed. 


4614. PHG@NIX DACTYLIFERA. Date. 


Probably from M’ Zab oasis, Sahara. Presented by Yahia ben Kassem, through 
Mr. W. T. Swingle, March, 1900. 


Horra. Distributed. 


4615. PHGNIX DACTYLIFERA. Date. 


Probably from M’ Zab oasis, Sahara. Presented by Yahia ben Kassem, through 
Mr. W. T. Swingle, March, 1900. 


Possibly Medjhoul. A large, unnamed date. 
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4616. PrHca@nrix DACTYLIFERA. Date. 


Probably from M’ Zab oasis, Sahara. Presented by Yahia ben Kassem, through 
Mr. W. T. Swingle, March, 1900. 


Deglet Noor. 


4617. PHaNIX DACTYLIFERA. - Daze. 


Probably from M’ Zab oasis, Sahara. Presented by Yahia ben Kassem, through 
Mr. W. T. Swingle, March, 1900. 


Tedalla (2). 


4618. PHaNIX DACTYLIFERA. Date. 


Probably from M’Zab oasis, Sahara. Presented by Yahia ben Kassem, through 
Mr. W. T. Swingle, March, 1900. 


Ghero. Distributed. 


4619. PHG@NIX DACTYLIFERA. Date. 


Probably from M’ Zab oasis, Sahara. Presented by Yahia ben Kassem, through 
Mr. W. T. Swingle, March, 1900. 


Bent Kabala (?). Distributed. 


4620. PHaNIX DACTYLIFERA. Date. 


Probably from M’ Zab oasis, Sahara. Presented by Yahia ben Kassem, through 
Mr. W. T. Swingle, March, 1900: 


Possibly Medjhou/. An unnamed, medium-sized fruit. Distributed. 


4621. ANDROPOGON SORGHUM. Kafir corn. 
From Berryton, Kans. Presented by Mr. M. Mathewson, March 6, 1900. 
Mammoth black-hulled white. Distributed. 


4622. DiIosPpyYROS VIRGINIANA. Persimmon. 
From Lodema, Mo. Presented by Mr. R. A. W. Argenbright, March 10, 1900. 


4623. NICOTIANA TABACUM. Tobacco. 


From Sagua la Grande, Cuba. Presented by Feodoro Miranda, March 12, 1900. 


4624. CRATAHGUS MEXICANA. Haw. 

From Coahuila, Mexico. Presented by Prof. Felix Foéx, of Torreon. Re- 
ceived March 12, 1900. 

4625. CRAT#HGUS MEXICANA. Haw. 


From Coahuila, Mexico. Presented by Prof. Felix Foéx, of Torreon. Received 
March 12, 1900. 


Seeds from fruits of largest size and finest flavor. 


4626. (ossYPIUM BARBADENSE. Cotton. 
From Egypt. Received March 13, 1900. 
Gordon Pasha. An improved strain of Egyptian cotton, introduced for the first 
time. - Seed purchased in Italy. 
4627. PHASEOLUS VULGARIS. Bean. 
From San Antonio, N. Mex. Received from Mr. C. B. Allaire, March 13, 1900. 


A variety commonly grown by the Mexicans. It forms the staple food of the 
laboring classes of New Mexico. 


bo 
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4628. GLYCINE HISPIDA. Soy bean. 
From Massachusetts. Received March 13, 1900. 


Medium green. Distributed. 


4629. MEDICAGO SATIVA. Alfalfa. 
From Colorado. Received March 16, 1900. 
Colorado-grown seed. Distributed. 


4630. Ficus ELASTICA. India rubber. 
From Italy. Received March 13, 1900. Distributed. 


4631. TRITICUM VULGARE. Wheat. 
From Idaho. Received March 14, 1900. 
Canadian Hybrid. One of the standard wheats grown in Idaho. Wyoming, and 
Washington. 
4632. CENTAUREA ODORATA. Dusty miller. 


From Italy. Received May 19, 1900. Presented by Dammann & Co., of San 
Giovanni a Teduccio, near Naples, Italy, through Hon. A. H. Byington, United 
States consul at Naples. 


Centennial Chameleon. “*A new hybrid annual which changes color several times 
during theseason. Plant in potsand transplant to sunny spotin rich soil. ? (Dammann. ) 


4633. TRITICUM VULGARE. Wheat. 


From Idaho. Received March 14, 1900. 
Red Chaff. -One of the standard wheats of Idaho, Washington, and Oregon. 


4634. Pyrus BACCATA GENUINA. Siberian crab-apple. 


From Russia. Received March 18, 1900. Presented by Dr. A. Fischer von Wald- 
heim, director of the Imperial St. Petersburg Botanic Garden. Distributed. 


4635. NIcOTIANA TABACUM. Tobacco. 
From Sumatra. Received March 21, 1900. 
Deli. 
4636. ErRyYTHRINA. Coral tree. 


From Mexico. Received March 21, 1900. Presented by Mr. Herman Meenen, 
of Harsenville, Fla. 


Zumpantle, or Coralines. 


4637. CoB#A SCANDENS. Cobea. 


From Mexico. Received March 21, 1900. Presented by Mr. Herman Meenen, 
of Harsenville, Fla. 


A vigorous climbing plant with beautiful blue flowers. 


4638. ANONA CHERIMOLIA. Cherimoya. 


From Mexico. Received March 21, 1900. Presented by Mr. Herman Meenen, 
of Harsenville, Fla. 


‘“Considered by many one of the finest fruits in existence. Being very tender, it 
canonly be grownsuccessfully in the extreme southern portion of F lorida.”” ( Meenen.) 
4639. CANNABIS SATIVA. Hemp. 

From Kentucky. Received March 22, 1900. Distributed. 
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4640-4748. VITIS VINIFERA. Grape. 


A collection of European grapes from Alexandre Tacussel, of Vaucluse, France, 
imported in cooperation with the Division of Pomology. No cuttings are now available 
for distribution. (See Nos. 2381-2541, Inventory No. 5.) Distributed. 


4640. ApDMIRABLE DE CoUuRTILLER. 
4641. ApDMIRABLE DE CouRTILLER. 
4642. Bicane. 

4643. BurGrRave pr HonaRrir. 
4644. CHAssELAS NAPOLEON. 
4645. CoRNICHON BLANC. 
4646. CoRNICHON NoIR. 

4647. Darrier pe Beyroutn. 
4648. Diamant TRAvBeE. 

4649. FintTInpo. 

4650. Foster’s SEEDLING. 
4651. FRANKENTHAL HATIF. 
4652. GerneRAL LAMARMORA. 
4653. GerneraL LAMARMORA. 
4654. GoLpENn CHAMPION. 
4655. GRADISKA. 

4656. Henas Turk. 

4657. JOANNENC. 

4658. JOANNENC. 

4659. ZABALKANSKOI. 

4660. MaAtvorsie DE Sires. 
4661. MAtvolsi& DE Srrzs. 
4662. Mameton. 

4663. Mameton. 

4664. Muscat pe Mapmre Rose. 
4665. Muscar HAtTIF pu Puy pp Dower. 
4666. Muscat Sr. Laurent. 
4667. OLIVETTE DE CADENET. 
4668. OLIVETTE DE CADENET. 
4669. Pis pE CHEVRE DES ALPEs. 
4670. Rosakt. 

4671. SuLrantna. 

4672. TRENTHAM BLACK. 

4673. TRENTHAM BLACK. 
4674. VERDELHO DE MapeEre. 
4675. VERDELHO DE MADERR. 
4676. Acront Mackron. 
4677. AiBaTHy Issum. 

4678. ANGELINA. 

4679. ANGULATA. 

4680. Baupr. 


4640-4748. Viris VINIFERA—Continued. 


4681. 
4682. 
4683. 
4684. 
4685. 
4686. 
4687. 
4688. 
4689. 
4690. 
4691. 
4692. 
4693. 
4694. 
4695. 
4696. 
4697. 
4698. 
4699. 
4700. 
4701. 
4702. 
4703. 
4704. 
4705. 
4706. 
4707. 
4708. 
4709. 
4710. 
4711. 
4712. 
4713. 
4714. 
4715. 
47716. 
4717. 
4718. 
4719. 
4720. 
4721. 
4722. 
4723. 
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BELLINO. 

BERMESTIA BIANCA. 
BoHERAAVE. 

CHASSELAS St. BERNARD. 
CITRONELLE. 

CITRONELLE. 

Duc pE MAGENTA. 
FRANKENTHAL BLANC. 
HAMBOURG BLANC. 
IMPERIAL. 

JC AROAD. 

MERVEILLE DE VAUCLUSE. 
Muscat NOIR PRECOCE. 
Muscat DE SAUMUR. 
Muscat VIOLET. 
OLIVETTE ROSE. 
RAISAINE DE PULLIAT. 
West Sr. PETERS. 
CHASSELAS DE JERICO. 
GAMAY DE BouRGOGNE. 
GRUNER MUSCATELLER. 
LonG Noir bD’ ESPAGNE. 
OLIVETTE NOIR. 

RAZAKI ZOLO. 
AGOSTENGA. 

AGOSTENGA. 

Muscat Bowoop. 
BucKLAND SWEETWATER. 
CALABRESE. 

CALABRESE. 

CHASSELAS DE FLORENCE. 
CHASSELAS DE MONTAUBAN. 
CHASSELAS DE NEGREPONT. 
CHASSELAS DE NEGREPONT. 
CHASSELAS MUSQUE VRATI. 
CHASSELAS MUSQUE VRAI. 
CHASSELAS VIOLET. 
CHASSELAS NAPOLEON. 
CHASSELAS ROSE ROYAL. 
ToKAY BLANC. 
CLAIRETTE POINTUE. 
CoRNICHON NOIR 


DriaMantT TRAUBE. 


dl 
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4640-4748. Vitis vintrFERA—Continued. 
4724. Fo.LLE BLANCHE. 
4725. JOANNENC CHARNU. 
4726. LUGLIENGA NERA. 
4727. MADELEINE ANGEVINE. 
4728. MADELEINE ANGEVINE. 
4729. Bricouor. 
4730. Muscat pr ALEXANDRIE. 
4731. Muvuscat pr ALEXANDRIE. 
4732. Muscat pr Hampoura. 
4733. Muscat pE HaAampoura. 
4734. MuscaT ROUGE DE MADERE. 
4735. ZABALKANSKOI. 
4736. Parc DE VERSAILLES. 
4737. Parc DE VERSAILLES. 
4738. PINoT NoIR DE BouRGOGNE. 
4739. Prnor BLANC. 
4740. PrINoT BLANC DE CHARDONNAY. 
4741. Pis DE CHEVRE NOIR. 
4742. PRECOCE DE COURTILLER. 
4743. Rosakl. 
4744. RovussE.er. 
4745. SERVAN. 
4746. SmRVAN. 
4747. SIRAH DE L’ERMITAGE. 
4748. ULLIADE Noir. 

4749. (Blank.) 


4750. PISTACIA TEREBINTHUS. Terebinth. 


Presented by Mr. G. P. Rixford, of the California Academy of Sciences, San 
Francisco, Cal., January, 1900. 


To be used for stocks on which to graft the pistache. Distributed. 


4751. TUBER MELANOSPERMA. Truffle. 
From Paris, France. Received March 30, 1900. 
(See No. 2230, Inventory No. 5.) Distributed. 


4752. FIcus CARICA. Smyrna fig. 
From California. Presented by Mr. George C. Roeding, March, 1900. 
4753. PERSEA PUMILA. 
From Eustis, Fla. Presented by Mr. Frank W. Savage, March, 1899.. 
4754-4808. 


A collection of seeds of native American plants growing near Washington, D. ©. 
Presented by the Seed Laboratory, March, 1900. 


4754. CLEMATIS OCHROLEUCA. 


4755. EvoNyMUS ATROPURPUREUS. 
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4754-4808—Continued. 


4756. 
A757. 
4758. 
4759. 
4760. 
4761. 
4762. 
4763. 
4764. 
4765. 
4766. 
4767. 
4768. 
4769. 
4770. 
AT TAG 
4772. 
4778. 
4774. 
4775. 
4776. 
4777. 
4778. 
4779. 
4780. 
4781. 
4782. 
4783. 
4784. 
4785. 
4786. 
4787. 
4788. 
4789. 
4790. 
4791. 
4792. 
4793. 
4794. 
4795. 
4796. 
4797. 
4798. 
4799. 


AGRIMONIA PARVIFLORA. 
VIBURNUM DENTATUM. 
SAPONARIA OFFICINALIS. 
ARCTIUM LAPPA. 
CRAT&GUS CRUS-GALLI. 
MAGNOLIA ACUMINATA. 
PANICUM ELONGATUM. 
LEONURUS CARDIACA. 
SMILAX HERBACEA. 
VAGNERA RACEMOSA. 
POLYMNIA UVEDALIA. 
SMILAX ROTUNDIFOLIA, 
PoOLYGONUM SAGITTATUM. 
LOBELIA INFLATA. 

ALNUS RUGOSA. 
MAGNOLIA TRIPETALA, 
SAURURUS CERNUUS. 
AGROPYRON TENERUM. 
EUONYMUS AMERICANUS. 
ELEPHANTOPUS. 
POLYGONUM DUMETORUM. 
SILPHIUM TRIFOLIATUM. 
ANDROPOGON NUTANS. 
ONOSMODIUM CAROLINIANA. 
MoNARDA PUNCTATA. 
ERECHTITES HIERACIFOLIA. 
Nyssa AQUATICA. 
BENZOIN BENZOIN. Distributed. 
BaprtisiA AUSTRALIS. 
XOLISMA LIGUSTRINA. 
PRUNELLA VULGARIS. 

V ACCINIUM STAMINEUM. 
VERBESINA OCCIDENTALE. 
STAPHYLEA TRIFOLIA. 
APOCYNUM ALBUM. 
CASSIA NICTITANS. 
LECHEA RACEMULOSA. 
CYPERUS OVULARIS. 
PoLYGONUM PUNCTATUM. 
Rosa HUMILIS. 
PENTSTEMON LEVIGATUS. 
HELENIUM AUTUMNALE. Distributed. 
TECOMA STANS. 


GEMMINGA CHINENSIS. 
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4754-4808—Continued. 
4800. SoLIDAGO SEROTINA. 
4801. ANpRopOGON pRovINcIALIs. Distributed. 
4802. Poa COMPRESSA. 
4803. EvpatTorium PERFOLIATUM. Distributed. 
4804. PHyYTOLACCA DECANDRA. 
4805. DrIpsacus SYLVESTRIS. 
4806. VP§RBESINA ALTERNIFOLIA. 
4807. GAURA BIENNIS. ) 
4808. Vernonra. Distributed. 


4809. ANDROPOGON SORGHUM. Kafir corn. 


From Manhattan, Kans. Presented by Prof. H. M. Cottrell, through Mr. 
W. T. Swingle, April, 1900. 


Black-hulled White. 


4810. ANDROPOGON SORGHUM. Kafir corn. 


From Manhattan, Kans. Presented by Prof. H. M. Cottrell, through Mr. 
W. T. Swingle, April, 1900. 


Red. Distributed. 


4811. PH@NIX.DACTYLIFERA. Date. 
From Washington, D. C. Received through Mr. W. T. Swingle, March, 1900. 
Distributed. 
4812. PHGNIX DACTYLIFERA. Date. 
From Washington, D. C. Received through Mr. W. T. Swingle, March, 1900. 
Distributed. 
4813. PHG@NIX DACTYLIFERA. Date. 


From Guaymas, Mexico. Received through Mr. W. T. Swingle, December, 
1899. Distributed. 
4814. FRAXINUS VELUTINA. Ash. 
From Hermosillo, Mexico. Received through Mr. W. T. Swingle, December, 
1899. Distributed. 
4815. PHORADENDRON JUNIPERINUM. 


From Mescalero, N. M. Presented by Miss Minnie Pincumb, through Mr. 
W. T. Swingle, December, 1899. 


Parasite on fir. Distributed. 


4816. KARWINSKIA PARVIFLORA. 


From Hermosillo, Mexico. Received through Mr. W. T. Swingle, December, 
1899. 


Shrub 2 to 3 feet high. Leaves like Psidiwm guava. 


4817. CEREUS PRINGLEI. 


From Guaymas, Mexico. Presented by the U. 8. National Museum, March, 1900, 


4818. CEREUS PECTEN-ABORIGINUM. 


From Mazatlan, Mexico. Presented by the U.S. National Museum, March, 1900. 
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4819. Rusus. 
From Puyallup, Wash. Received through Mr. W. T. Swingle, October, 1899. 
A perennial evergreen blackberry. Distributed. 


4820. CELASTRUS SCANDENS. Bittersweet. 


From Manhattan, Kans. Presented by Mr. J. F. Swingle, March, 1900.’ Dis- 
tributed. 


4821. LorpHoPHORA LEWINII. 


From Washington, D.C. From plants growing in S. P. I. greenhouse. Received 
March, 1900. Distributed. 


4822. PANICUM BULBOSUM. 


From Washington, D.C. From plants growing in 8. P. I. greenhouse. Received 
March, 1900. 


A panicled grass, resembling a small Sorghum halapense. Distrijuted. 


4823 QUERCUS MACROCARPA. Bur oak. 
From Manhattan, Kans. Presented by Prof. A. 8. Hitchcock, April 20, 1900. 


4824. BouTELOUA CURTIPENDULA. 


From Manhattan, Kans. Presented by Prof. A. 8. Hitchcock, April 20, 1900. 
Distributed. 


4825. BULBILIS DACTYLOIDES. Buffalo grass. 
From Manhattan, Kans. Presented by Prof. A. 8. Hitchcock, April 20, 1900. 


4826-4840. 


From Avalon, Santa Catalina Island, California. Received through Mrs. Blanche 
Trask, May 1, 1900. <A collection of seeds of native plants as follows: 


4826. ANTIRRHINUM SPECIOSUM. Distributed. 
4827. Lupinus. 

4828. HeETEROMELES ARBUTIFOLIA. 
4829. LeEprosyNE GIGANTEA. 

4830. CERCOCARPUS TRASKLE. 

4831. CrossosOMA CALIFORNICUM. 
4832. ERIOGONUM GIGANTEUM. 
4833. ARCTOSTAPHYLOS BICOLOR. 
4834. (UERCUS TOMENTELLA. 

4835. ERIoPHYLLUM NEVINII. 

4836. (UERCUS MACDONALDI. 

4837. LAVATERA ASSURGENTIFOLIA. 
4838. CEANOTHUS ARBOREUS. 

4839. ARCTOSTAPHYLOS DIVERSIFOLIA. 
4840. RIBES VIBURNIFOLIA. 


4841. CRESCENTIA ALATA. 


From California. Presented by Dr. F. Franceschi, through Dr. Edward Palmer, 
May 5, 1900. 


4842. (Blank.) 
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4843. (Blank.) 


4844-4854. ‘TRIFOLIUM PRATENSE. Red clover. 
From Hamburg, Germany. Received March 17, 1900. 


This collection of seed of various red clovers was imported for use in a series of 
cooperative experiments conducted by the agricultural experiment stations of 
Minnesota and Wisconsin. It is often claimed that the American strains of red clover 
are of less value for forage than the European. It is also stated by various agri- 
culturists that the cause of this inferiority is the greater narrowness of the leaves and 
the coarser and more weedy habit of growth of the stems. However, the amount 
of forage per acre is said to be greater in the case of the American than of the 
European forms. The experiments at the above-mentioned stations are being con- 
nected in order to determine whether such differences as are claimed really exist 
between the best American and the European yarieties or forms. They are as 
follows: 


4844. HunGaARIAN. 
4845. IrTaLtran. 

4846. FRENCH. 

4847. GALICIAN. 
4848. RussIAn. 

4849. TRANSYLVANIAN. 
4850. STEIERMARK. 
4851. Lerirmprirz. 
4852. Norwearan. Distributed. 
4853. GERMAN. 

4854. ENGLISH. 


4855. TRITICUM VULGARE. Wheat 


From German East Africa. Received March 20, 1900. Presented by Dr. Witt- 
mack, of the Agricultural High School, Berlin, Germany. 


Tabora. A rust-proof winter wheat of excellent yield and quality. 


4856-4905. 


A collection of seeds and plants from Wuchang, China. Received March 20, 1900. 
Presented by Messrs. G. D. Brill and J. W. Gilmore. 


4856. SESAMUM INDICUM. Sesame. 

Heh-scz-ma; black sesame. (No. 27.) ‘‘This is not so extensively grown 
here as the white sesame, No. 4857.’’ (Gilmore. ) 

4857. SikASAMUM INDICUM. Sesame. 


Beh-scz-ma; white sesame. (No. 25.) 

4858. PHASEOLUS VULGARIS. Bean. 
Ni-do. (No. 13.) 

4859. CucursBira. 


Langgua. (No. 4.) “‘A large gourd or pumpkin.”’ (Gilmore. ) 


4860. BeErTA VULGARIS. Chard. 


Tien beh tsai. (No. 24.) “A sweet, white vegetable. This is the popular 
summer salad here. It grows larger than either No. 4874 or No. 4896. 
Several crops of this are taken from the same piece of ground during 
the course of the summer.”’ (Gilmore. ) 
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4856-4905—Continued. 
4861. Ipomaa. 

Tso yea rsia; bamboo leaf vegetable. (No. 3.) ‘‘This grows here abun- 
dantly, but I can not identify the plant by the name. I think, however, 
it is used something like spinach.’’ (Gilmore. ) 

4862. Brassica. 

Yo tsai; oil vegetable. (No. 12.) ‘‘A mustard which is sown in the spring 

and grown for its seed, from which oil is extracted.’’ (Gilmore. ) 
4863. CapsicUM ANNUUM. Red pepper. 
Chin la joa. (No. 29.) 


4864. CANAVALIA ENSIFORMIS. Knife bean. 
Tao do. (No. 2.) 


4865. CrITrRULLUS. Citron. 
Tung gua. (No. 40.) ‘‘A large green gourd, white inside. The largest 
are about 3 feet long and a foot in diameter.’’ (Gilmore. ) 
4866. AVENA FATUA GLABRESCENS. Wild oat. 
Red oats. (No. 43.) 


4867. Monmorpica. Gourd. 
Ku gua. (No. 16.) ‘A kind of squash which is very warty, and red 
when ripe.”’ (Gilmore. ) 
4868. CvuCUMIS SATIVUS. Cucumber. 
Whang gua; yellow cucumber. (No.14.) ‘‘ This is grown very extensively 
here in the spring, though it does not yield abundantly.”’ (Gilmore. ) 
4869. CH#TOCHLOA ITALICA. Millet. 
Tsan schioh. (No. 36.) ‘‘ This seed is used for feeding birds.’’ ( Gilmore.) 


4870. RaAPHANUS SATIVUS. Radish. 
Turnip. A white variety. (No. 22.) 


4871. SapiuM SEBIFERUM. Wax berry. 
Beh jo; white wax berry. (No. 44.) ‘‘These are the seeds from the white 
wax tree. The tree grows from 30 to 60 feet high and bears an abun- 
dance of berries on new wood.’’ (Gilmore. ) 
4872. HELIANTHUS ANNUUS. Sunflower. 
Quei wha. (No. 31.) ‘‘This is not grown very extensively here except 
as an ornament. The flowers are 8 or 10 inches in diameter.’’ ( Gil- 
more. ) 
4873. CBELOSIA. 
Han tsai.  (No.9.) 


4874. Brassica. Petsai. 


Heh beh tsai; black white vegetable. (No. 18.) ‘‘This is a winter and spring 
cabbage, and the habits and appearance are quite like those of No. 4896, 
except that the leaves are not curled. This winter the temperature has 
been as low as —d° C. and it has not been injured.”’ (Gilmore. ) 


4875. RAPHANUS SATIVUS. Radish. 
Loh boh. (No. 21.) 
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4856—-4905— Continued. 
4876. AvENA FATUA GLABRESCENS. Wild oat. 
Mixed oats. (No. 47.) 3 


4877. MAatyva. Mallow. 
Tung han tsai. (No. 19.) ‘‘A winter variety.”” ( Gilmore.) 


4878. ORYZA SATIVA. Rice. 


Tsan gu. (No. 35.) ‘This is the ordinary rice which is the great staple 
of China.”’ ( Gilmore.) 


) 


4879. ZEA MAYS. Corn. 
U gao liang. (No. 39.) A kind of maize. . 

4880. ORYZA SATIVA. Rice. 
Loh gu; glutinous rice. (No. 34.) 

4880a. FaGcoryrRuM ESCULENTUM. Buckwheat. 
(No. 34.) 

4881. Brassica. Mustard. 


Latsai. (No. 11.) This is a large mustard, and is almost like No. 4887. 


4882. JIpomaaA BONA-NOX. Moonfiower. 
Tien chue. (No. 28.) 


4888. STERCULIA PLATANIFOLIA. 
Wu tung. (No. 45.) 


4884. PHASEOLUS VULGARIS. Bean. 
Tung tsao do. (No. 1.) 


4885. Brassica. 
Heh beh tsai. (No. 26.) 


4886. -LAcrucaA SATIVA. Lettuce. 


Wo ju. (No. 17.) ‘‘A kind of lettuce. It is sown in beds in the spring 
and transplanted when the plants are 2 or 3 inches nigh. It is then 
well manured and watered until its leaves are a foot or more in height. 
The plant is grown for the stem, which is sliced and cooked as a 
vegetable.’’? (Gilmore. ) 


4887. Brassica. Mustard. 


Gai tsai. (No. 7.) ‘‘This is a very large mustard. In exceptional 
instances the leaves will grow 3 feet long. It is transplanted in the 
early spring and heavily manured until the leaves reach their full size. 
The plants are then cut off at the roots and dried; they are then pickled 
and used throughout the year.’’ (Gilmore. ) 


4888. HorpDEUM VULGARE. Barley. 


Da meh. (No. 33.) ‘This is used in the North to some extent for 
whisky, so I have heard, but here it is used for making sugar for can- 
dies and for feeding horses and pigs. It is a winter crop, planted on 
land which has been overflowed in the summer, or upon cotton, bean, 
or sesame land.’’ (Gilmore. ) 


4889. APIUM GRAVEOLENS. Celery. 


Chin tsai. ‘‘This seems to be a primitive type. It is small and spindling. 
It is planted both in the spring and fall in beds and covered with reeds, 
placed like the roof of a house. When it is about grown fine dirt is 
sprinkled and sifted among the plants until they are almost covered. 
The celery bleaches in a short time and is then used as needed.” 
(Gilmore. ) 
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4856-4905— Continued. 
4890. CRAT#GUS CUNEATA. Hawthorn. 
San tsao hung. (No. 23.) Fruit about the size of a cherry. 
4891. CeEtLosra. 
Wan tsai. (No. 20.) 
4892. AVENA SATIVA. Oat. 


Black. (No. 42.) ‘Found growing wild in old gardens and waste 
places.’ (Gilmore. ) 


4893. JAGENARIA. Calabash. 
Hu gua. (No. 15.) 

4894. Burnerra. Flowering almond. 
La may wha. (No. 41.) 

4895. Lurra »Gyprraca. Gourd. 


Tsz gua; silk gourd. (No. 5.) ‘It sometimes grows 5 feet long and not 
more than an inch in diameter, except at the bottom. It is planted in 
the spring and trained on a trellis. The gourds are used for food when 
they are young and tender.’’ (Gilmore. ) 


4896. Brassica. Petsai. 
Nan kin beh isai; white vegetable. (No. 6.) ‘This is a cabbage and is 
grown extensively in fall and winter.’’ ( Gilmore. ) 
4897. SPINACEA OLERACEA. Spinach. 
Bo tsai. (No. 8.) It is planted in the spring and used as greens. 
4898. CHRYSANTHEMUM. 
Tung hao. (No. 32.) ‘According to William’s Dictionary this is a kind 
Lg , g ; 
of celery.’’ ( Gilmore.) 
4899. CirRULLUs vULGARIS. Watermelon. 


Scz gua tsz. (No. 30.) ‘They are mainly of two varieties, those of red 
flesh and those of yellow. Neither grow very large, but the red-fleshed 
one is preferred to the other. Salted seeds are highly esteemed at din- 
ners and feasts and are eaten throughout the meal.”’ ( Gilmore. ) 


4900. PavLowNIA IMPERIALIS. Paulownia. 


Yang wu tung. (No. 49.) This is an ornamental tree of rapid growth, 
having large leaves and flowers very much like those of the catalpa. 


4901. Attium. : Garlic. 
Da suan. (No. 46.) 
4902. Triticum VULGARE. Wheat. 


Hsioh meh. (No. 37.) ‘This is extensively grown here for flour. Here, 
where so much of the land is overflowed in the summer, this is the 
principal crop on the lowlands, and it is mostly of the bearded kind.” 


4903. CELTIs. Hackberry. 


Tang tihsu. (No. 48.) This tree grows rapidly and to a large size. It is 
not very common. 


4904. CaANAVALIA ENSIFORMIS. Knife bean. 
(No. 2.) 
4905. ANDROPOGON SORGHUM. Sorghum. 


Loh goa liang. (No.38.) ‘This is a nonsaccharine sorghum. There are 
two or three kinds, but the main use of all is for making a kind of 
whisky. ae Gilmore. ) 
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4906. NICOTIANA TABACUM. Tobacco. 
From Turkey. Received April 7, 1900. 


Turkish Samsum. 


4907. NICOTIANA TABACUM. Tobacco. 
From Turkey. Received April 7, 1900. 
Turkish Bafra. 


4908. FRAGARIA VESCA. Strawberry. 


) 


From France. Received April 10, 1900. 


St. Antoine de Padoua, everbearing. ‘‘ This variety, which was sent out in 1898 by 
the Abbé Thivolet, was obtained by crossing the St. Joseph with the large-fruited 
English Royal Sovereign. The fruits of this sort are larger than those of the St. 
Joseph, are firm, good keepers, and have an excellent flavor. The fruit clusters are 
erect and do not require support as do those of the St. Joseph. This is the newest 
and most remarkable of the large-fruited, everbearing strawberries.’’? (Swingle.) 
Distributed. 


4909. PRUNUS. Cherry. 


1 


From Waynesville, N. C. 
1900. 
‘“This wild cherry goes by two names—the Peruvian Tree and the Balsam 
Cherry.”’ (Green.) Distributed. 


Presented by Dr. G. D. Green. Received April 10, 


4910. PsIpIUM CATTLEYANUM. Dwarf guava. 
From Waterloo, Kans. Received March 24, 1900. Presented by Mr. J. W. Riggs. 


A seedling of dwarf guava which lives and bears fruit in Kansas. Distributed. 


4911. PuNICA GRANATUM. Pomegranate. 
From Waterloo, Kans. Received March 24,1900. Presented by Mr. J. W. Riggs. 


A very hardy seedling pomegranate which lives and bears fruit in Kansas. 
Distributed. 


4912-4914. (GLYCINE HISPIDA. Soy bean. 


A collection of soy beans from Japan. Received March 23, 1900. Theyareas . 
follows: 


4912. Common. Distributed. 
4913. Besrwuarre. Distributed. 
4914. Best Green. Distributed. 


4915-4946. 


From Perth, West Australia. Received March 24,1900. Presented by Mr. E. F. 
Brady. 


A collection of seeds of native West Australian plants. 
4915. KINGIA AUSTRALIS. 
4916. ACTINOTUS LEUCOCEPHALUS. Flannel flower. 


4917. L&rscCHENAULTIA. 


A small perennial, 18 inches high, with blue flowers. 


4918. Christmas bush. 
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4915-4946—Continued. 
4919. GASTROLOBIUM CALYCINUM. 
A poison plant. 
4920. WaAlITrziA AUREFA. 


4921. MyriocEPHALUS STUARTII. 


4922. White clematis. 
A handsome climber. Distributed. 


4923. 

An annual with blue, lobelia-like flowers. 
4924. AUSTRALINA MUELLERI. Kangaroo paw. 
4925. HELICHRYSUM BRACTEATUM. Everlasting. 
4926. Flannel flower. 


An annual. 


49277. Coral creeper. 


The seeds must be scalded and soaked before planting. 


4928. 


A fine summer-flowering plant with pink sprays. 
4929. Hipiscvs. 

Flowers lilac. 
4930. 


A small, yellow-flowered legume. 


4931. 


A dwart perennial shrub. 


4932. Flannel flower. 
4933. 


A bamboo-like plant. 
4934. 
A native annual lobelia with deep-blue flowers. 
4935. HarpENBERGIA. 
A climber with fine blue flowers. Makes a fine show in our woods. 


4936. Banksia. 
A short, prickly shrub. 


4937. AUSTRALINA. 
Tall, green-flowering. Grown on swampy land. 

4938. CaLLisTEmMon. Scarlet bottle-bush. 
Flowers scarlet. Grows in dry situations. 

4939. Acacta. Wattle. 


Flowers bright golden. Grows 2 feet high. 
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4915-4946—Continued. 
4940. 
Smoke plant. 
4941. Marguerite. 


A perennial with large, single white flowers. Distributed. 


4942. Hovea. 
Blue mixed. Distributed. 


4943. f Scarlet grevillea. 
A shrub, in dry situations. 


4944. BANKSIA GRANDIS. Bull banksia. 
A handsome tree. 


4945. 


An annual with white flowers. 


4946. 


A dwart plant like Banksia, with long, serrated leaves. 


4947-4962. 


A collection of Mexican species of Physalis. Received March 27, 1900.  Pre- 
sented by Dr. Edward Palmer. 


4947. PHYSALIS. 


From Zacatecas, Mexico. ‘‘Fruit the size of a cherry; in color pea 
green to a yellow tint; quite sticky; used with red peppers in sauce to 
neutralize the bad effect of excessive use of red pepper.’’ ( Pulmer. ) 


4948. PHYSALIS. 
From San Luis Potosi, Mexico. ‘‘A fine species, with a rather flat fruit, 
plum-colored at base, solid and purplish when ripe.’’ (Palmer. ) 
4949. PHYSALIs. 
From Durango, Mexico. ‘‘The fruit has a fine aroma; is edible raw; very 
prolific, of good size, and worthy of cultivation.’’ ( Palmer.) 
4950. PHYSALIS. 
From Zacatecas, Mexico. ‘‘A species with husk entirely covering the 
fruit and extending above. Fruit is round and plum-colored.’’ (Palmer. ) 
4951. PHYSALIS ALKENGI. 


From Mexico. ‘‘ Fruit edible raw, of fine flavor.’’ (Palmer. ) 


4952. PHYSALIS. 


From San Luis Potosi, Mexico. 


4953. PHYSALIS. 


From San Luis Potosi, Mexico. 


4954. PHYSALIS FENDLERI. 


From Acapulco, Mexico. ‘‘ Used in soups, gravies, and stuffings for fowls. 
This fruit is found all the year round in the markets of Acapulco.” 
( Palmer. ) 
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4947-4962—Continued. 
4955. PHYSALIs. 

From Mapimi, Durango, Mexico. ‘Fruit yellow, with an agreeable 
odor and good to eat. Yields abundantly. A low plant. Worthy of 
cultivation.”’ (Palmer. ) 

4956. Puysa.is. 


From San Luis Potosi, Mexico. ‘‘ Large fruit having a husk which opens 
in two parts so that the top of the fruit is bare. (Palmer. ) 


4957. PHyYSsALis. 
From San Luis Potosi, Mexico. 


4958. PuHysaLis. 


From San Luis Potosi, Mexico. ‘‘A large-fruited species which is covered 
entirely by a husk that is purple at the base.’’ (Palmer. ) 


4959. PHySALIs. 


From San Luis Potosi, Mexico. ‘‘This form has a very close-fitting, 
smooth husk with rather prominent veins at the base.’’ (Palmer. ) 


4960. Puysa.is. 


From Durango, Mexico. ‘‘This species has a very strong odor and is as 
sticky as tobacco.’’? ( Palmer.) 


4961. Puysa.is. 
From San Luis Potosi, Mexico. Distributed. 


4962. PHySALIs. 


From San Pedro Soapuilla, Aguascalientes, Mexico. ‘‘It is one of the 
finest varieties.’’ ( Palmer.) 


4963. NICOTIANA. Tobacco. 
From Durango, Mexico. Received March 27, 1900. Presented by Dr. Edward 
Palmer. 


‘““Strong grower, large leaves, very gummy, strong odor; once used by native 
one ? bd @ 2 v S ) 7 


population.’’ (Palmer.) Distributed. 


4964. PENNISETUM SPICATUM. Pearl millet. 
From Kangundo, British East Africa. Presented by Mr. Charles F. Johnston. 


Nivali. Distributed. 


4965-5002. 


From Yokohama, Japan. Received March 27, 1900. A collection of vegetable 
seeds presented by Suzuki & lida, New York City. 


4965. | CITRULLUS VULGARIS. Watermelon. 


4966. PHASEOLUS VULGARIS. Bean. 


4967. OCryYPTorzNIA CANADENSIS. = 
Mitsuba. 


4968. Brassica NAPUS. Turnip. 


Tennoji. 


4969. SaLsoLa soDa. 


SEEDS AND PLANTS 


4965-5002—Continued. 


4970. CANAVALIA ENSIFORMIS. 


Natamame. 
4971. PERILLA ARGUTA. 


4972. TETRAGONA EXPANSA. 


4973. DoLICHOS UMBELLATUS. 


Jinroku-sasage. 


4974. DoLicHos UMBELLATUS. 


Sanjak-sasage. 

4975. Brra VULGARIS. 
Fudanso. 

4976. CuCURBITA LONGA. 
Naga-yugao. 

4977. ALLIUM PORRUM. 
Tokio. 

4978. ALLIUM PORRUM. 
Twatsuki. 

4979. ALLIUM PORRUM. 
Shimo-vita. 

4980. GLYCINE HISPIDA. 
Early soja. 

4981. Lappa MAJOR. 
Yamato. 

4982. Lappra MAJOR. 
Red Stalk. 

4983. LAPppPA MAJOR. 


Sunagawa. 


4984. PHASEOLUS VULGARIS. 


Buff. 


4985. PHASEOLUS VULGARIS. 


Prolific climber. 


4986. CHRYSANTHEMUM CORONARIUM. 


4987. LuFrra ®GYPTIACA. 

4988. Daucus CAROTA. 
Long red. 

4989. CucuUMIS SATIVUS. 
Late. 


4990. CucUMIS SATIVUS. 
Medium green. 


IMPORTED. 


Knife bean. 


New Zealand spinach. 


Beet. 


Leek. 
Leek. 
Leek. 


Soy bean. 


Bean. 


Bean. 


Edible chrysanthemum. 


Vegetable sponge. 


Carrot. 


Cucumber. 


Cucumber. 
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4965-5002— Continued. 
4991. 
Joint fruiting. 


CucUMIS SATIVUS. 


4992. CuUCUMIS SATIVUS. 


Common. 
4993. CUCUMIS MELO. 
Makwa-wir. 


SOLANUM MELONGENA. 


4994. 


Sadowara. 


4995. 
Early prolific. 


SoLANUM MELONGENA. 


4996. RAPHANUS SATIVUS. 


Everlasting. 
4997. RAPHANUS SATIVUS. 
Summer. 


4998. RaPpHANUS SATIVUS. 
Long Otapuka. 


4999. BENINCASA CERIFERA. 


5000. LAGENARIA VULGARIS. 


Ohiotau. 
5001. CucuRBITA MAXIMA. 


5002. 
Early Crépe. 


CuCURBITA MAXIMA. 


5003-5020. 


From Yokohama, Japan. Received March 27, 1900. 
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Cucumber. 


Cucumber. 


Muskmelon. 


Egg plant. 


Egg plant. 


Radish. 


Radish. 


Radish. 


Wax gourd. 
Large gourd. 


Pumpkin. 
Pumpkin. 


A collection of seeds of 


the native forest trees of Japan, presented by Suzuki & Lida, of NewYork City. 


5003. ABIES BRACHYPHYLLA. 
5004. ABIES FIRMA. 

5005. ABIES VEITCHII. 

5006. CARPINUS YEDOENSIS. 
5007. CELTIS BUNGEANA. 

5008. CorNUS KOUSA. 

5009. CryproMERIA JAPONICA. Distributed. 
5010. EnpGmEWOoRTHIA GARDNERI. 
5011. EL®AGNUS UMBELLATUS. 
5012. I.Luicium ANISATUM. 

50138. JUGLANS SIEBOLDIANA. 
5014. JUNIPERUS RIGIDA. 

5015. Quercus acuta. 

5016. RuHuwus succEDANEA. 

56017. THerA viripis. Distributed. 


Fir. 

Fir. 

Fir. 
Hornbeam. 
Hackberry. 
Cornel. 


Walnut. 
Juniper. 
Oak. 

Tallow tree. 
Tea. 
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5003-5020—Continued. 
5018. ToRREYA NUCIFERA. 
5019. XANTHOXYLON PIPERITUM. 


5020. ZELKOVA ACUMINATA. 


5021. CANNABIS SATIVA. Hemp. 


From Shanghai, China. Received March 28, 1900. Presented by Dr. Kung, 
through Mr. Young §. Allen. Distributed. 


) 


5022. ‘THEA VIRIDIS. Tea: 
From Heneratgoda, Ceylon. Received March 28, 1900. 


Best Assam Hybrid. Distributed. 


5023. LANDOLPHIA KIRKI. 
From Heneratgoda, Ceylon. Received March 28, 1900. 


This is one of the African lianes from which commercial rubber is extracted. Dis- 
tributed. 


5024. UrcroLaA ESCULENTA. 
From Heneratgoda, Ceylon. Received March 28, 1900. 
An East Indian rubber plant. Distributed. 


5025. OPpunNTIA PUBESCENS. 


From Heneratgoda, Ceylon. Received March 28,1900. Presented by J. P. Wil- 
liam & Bros. 


A prickly-pear cactus which is valuable as a forage plant. Distributed. 


5026. NopaLiIA COCHINELLIFERA. 
From Heneratgoda, Ceylon. Received March 28, 1900. Presented by J. P. Wil- 
liam & Bros. Distributed. 
5027. PAYENA LEERII. 
From Heneratgoda, Ceylon. Received March 28, 1900. 
An East Indian rubber plant. Distributed. 


5028. MANIHorT GLAZIOVII. Ceara rubber. 
From Heneratgoda, Ceylon. Received March 28, 1900. Distributed. 


5029. MIMUSOPS ELENGI. 
From Heneratgoda, Ceylon. Received March 28, 1900. 
An East Indian tree from which a commercial guttapercha is extracted. Dis- 
tributed. 
5030. CucUMIS SATIVUS. Cucumber. 


From Heneratgoda, Ceylon. Received March 28, 1900. Presented by J. P. Wil- 
liam & Bros. 


An especially fine cucumber for cultivation in the tropics. 


5031. SECALE CEREALE. Rye. 
From Schlansted, Germany. Received March 30, 1900. 


Schlansted Winter. An improved strain, originated in Germany. The grain is one 
of the best for bread-making purposes. 
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5032. AVENA SATIVA. Oat. 
From France. Received March 30, 1900. 
Avoine rousse couronnée. ‘Grain red, short; chaff very thin; straw is stiff and does 
not lodge readily; very productive, but late.’’? ( Vilmorin.) 
5033. NICOTIANA TABACUM. Tobacco. 
From Sumatra. Received March 30,1900. 


Sumatra Rano. 


5034. ASTRAGALUS FALCATUS. 
From France. Received March 30, 1900. 


A leguminous forage plant. 


5035. TRITICUM MONOCOCCUM. Einkorn. 
From France. Received March 30, 1900. 
Engrain. Distributed. 


5036. TriricuM MONOCOCCUM. Einkorn. 
From France. Received March 30, 1900. 


Commun. (See No. 5035.) Distributed. 


5037. BrTa VULGARIS. Mangold. 


From Paris, France. Presented by Vilmorin-Andrieux et Cie. Received March 
30, 1900. 


Giant Half-sugar Rose. 


5038. Berra VULGARIS. Mangold. 


From Paris, France. Presented by Vilmorin-Andrieux et Cie. Received March 
30, 1900. 


Giant Half-sugar White. (See No. 5037.) 


5039. GLYCINE HISPIDA. Soy bean. 


From Paris, France. Received March 30, 1900. Presented by Vilmorin- 
Andrieux et Cie. 


Extra early black-seeded. A very early maturing strain. 


5040. PacHYRHIZOS TUBEROSUS. Yam-bean. 
From Italy. Received April 2, 1900. 
Of possible value as a forage plant. 


5041. NIcoTIANA TABACUM. Tobacco. 
From Italy. Received April 2, 1900. 
Turkish Bafra. (See No. 4378.) 


5042. VIGNA CATJANG. Cowpea. 


From Georgia. Received April 4, 1900. 


New Era. The earliest maturing variety of cowpea known. Distributed. 


5043. FRAGARIA VESCA. Strawberry. 
From Irapuato, Guanajuato, Mexico. Received April 6, 1900. 
An everbearing strawberry. Distributed. 
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5044-5047. ‘TRIFOLIUM PRATENSE. Red clover. 
From Vienna, Austria-Hungary. Received April 7, 1900. 
A collection of European red clovers: 
5044. HUNGARIAN. 
5045. Russian. 
5046. STrEIERMARK. 


5047. TRANSYLVANIAN. 


5048. TRITICUM VULGARE. Wheat. 


From Minnesota. Received April 10, 1900. Presented by Prof. W. M. Hays, 
of the Agricultural Experiment Station, St. Anthony Park, Minn. 


Minn. No. 169. Distributed. 


5049. TRITICUM VULGARE. Wheat. 


From Minnesota. Received April 10, 1900. Presented by Prof. W. H. Hays, 
of the Agricultural Experiment Station, St. Anthony Park, Minn. 


Minn. No. 187. Distributed. 


5050. TRITICUM VULGARE. Wheat. 


From Minnesota. Received April 10, 1900. Presented by Prof. W. M. Hays, 
of the Agricultural Experiment Station, St. Anthony Park, Minn, 


Minn. No. 149. Distributed. 


5051. TrRITIcCUM VULGARE. Wheat. 
From Shanghai, China. Received through Consul-General Goodnow, April 11, 
1900. 


Pootung. Said to be grown on the lowlands between the Hwang-ho and Yangtse 
rivers. The Chinese report that this wheat is never attacked by rust. 
5052. Poa VIOLACEA. 


From Steiermark, Bohemia. Received April 14, 1900. Presented by the 
director of the Samen Control Station, Vienna. 


“From the Alps, near Aussee, at an altitude of 4,200 feet.’’ Distributed. 


5053. Confederate grass. 


From Victoria, Tex. Received April 12, 1900. Presented by Mr. William 
Benton. Distributed. 


5054. TrRITICUM VULGARE. Wheat. 
From Douglas, Wyo. Received April 14, 1900. Presented by Mr. B. C. 
Wheelock. 


Seven-head wheat. ‘‘ This wheat yielded 45 bushels per acre and weighed 63 pounds 
to the bushel.’’ 


5055. ZEA MAYS. Corn. 
From Douglas, Wyo. Received April 14, 1900. Presented by Mr. B. C. 
Wheelock. 


Longfellow. ‘This flint corn ripens in from 80 to 90 days from time of planting. 
It yields a heavy crop.”” ( Wheelock. ) 
5056. EUGENIA UNIFLORA. Surinam cherry. 


From Lemon City, Fla. Received April 13, 1900. Presented by Mr. E. J. 
Brown. Distributed. 
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5057. PANICUM MILIACEUM. Broom-corn millet. 
From Walla Walla, Wash. Received April 16, 1900. 


Seed grown in Washington. The original was imported by Prof. N. E. Hansen 
for this Department from Russia. 


5058. SECALE CEREALE. Rye. 
From Germany. Received through a French seedsman, April 26, 1900. 


Petkus. This is an improved strain originated by a plant breeder at Petkus, a 
small town about 40 miles south of Berlin. It is one of the best varieties for bread 
making. 


5059. AVENA SATIVA. Oat. 
From Italy. Received through a French seedsman, April 26, 1900. 


Gentile primo vera @ Umbria. .A very early maturing variety with panicled heads 
and tall straw. 


5060. BovuTrELOUA OLIGOSTACHYA. Blue grama. 
From Silver City, N. Mex. Received March 1, 1900. Distributed: 


5061. LycuruUs PHLEOIDES. Timothy grama. 
From Silver City, N. Mex. Received March 1, 1900. Distributed. 


5062. Musa. Banana. 


From Manila, P. I. Received through Messrs. Lathrop and Fairchild (No. 389), 
April 14, 1900. 


‘A variety of banana with fruit filled with seed. The flavor is quite different from 
any other variety known to me and very agreeable. Imported for breeding experi- 
ments.”? (Fuirchild.) Distributed. 


5063. MANGIFERA INDICA. Mango. 


From Manila, P.I. Received through Messrs. Lathrop and Fairchild (No. 390), 
April 14, 1900. 


‘““Two seeds of a most delicious variety (name unknown) of mango, grown near 
Manila. Large, orange yellow, kidney-shaped. Pronounced by Mr. Lathrop as 
good as any Indian mango he ever ate. Very little fiber.’ (Fuwirchild.) Distributed. 


5064. CapsicUM ANNUUM. Red pepper. 


From Manila, P. I. Received through Messrs. Lathrop and Fairchild (No. 388), 
April 14, 1900. 


“Seeds of a large, bright-red, sweet pepper from Manila market.’’ (Fuirchild.) 
Distributed. 


5065. MrLALEUCA LEUCODENDRON. Cajuput. 
From France. Received April 30, 1900. 


| An evergreen tree of large size, native from the Malayan Archipelago to Australia. 
Cajuput oil, extensively used in medicine, is extracted from the leaves. Distributed. 


5066. Mucuna UTILIS. Velvet bean. 


From Florida. Received May 1, 1900. Presented to Hon. J. H. Brigham, 
Assistant Secretary of Agriculture, by Mr. Kline O. Varn, of Fort Meade, Fla. 
(See No. 4333, Inventory No. 8.) 
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5067. AGARICUS CAMPESTRIS. Mushroom. 


From France. Received May 5, 1900. Presented by Vilmorin-Andrieux et Cie., 
Paris, France. 


Vilmorin’s New Mushroom Spawn. Grown irom spores of the best mushrooms by 
Dr. Repin’s process. 
5068. L&ESPEDEZA STRIATA. Japan clover. 
From Sardis, Miss. Received May 5, 1900. 


Anannual plant of especial value for covering barren soils in the Southern States. 


5069. CANAVALIA ENSIFORMIS. Knife bean. 
From Wahiawa, Oahu, H.I. Received May 8, 1900. Presented by Hon. Byron 
O. Clark. 


‘“A large white bean brought here from California by a gardener. It is a strong 
grower and very productive.’’ (Clark. ) 


5070. Do.icHos. Tongan bean. 
From Wahiawa, Oahu, H.I. Received May 8, 1900. Presented by Hon. Byron 
O. Clark. 


‘Imported from Australia. This bean will cover a trellis or outhouse. One 
plant will yield bushels of delicious beans, which may be either cut up like a French 
bean or shelled when nearly ripe. As the seed germinates slowly, it has been found 
a good plan to soak in boiling water before planting, so as to soften the hard outer 
skin.’”’ (Clark.) 


5071. PHASEOLUS MUNGO. Green gram. 
From Wahiawa, Oahu, H.I. Received May 8, 1900. Presented by Hon. Byron 
O. Clark. 
A native of China ‘ 
5072. PHASECLUS MUNGO. Green gram. 
From Wahiawa, Oahu, H.I. heceived May 8,1900. Presented by Hon. Byron 
O. Clark. 
A native of China. 
5073. CUCURBITA PEPO. Vegetable marrow. 
LE ie Oahu, H.1. Received May 8, 1900. Presented by Hon. Byron 
). Clark. 


A native of Australia. ‘‘Very choice as a green squash; used as our butter 
squashes are.’’ (Clark. ) 


5074. PoLyGALA BUTYRACEA. ~ Polygala. 
From Paris, France. Received May 8, 1900. Presented by A. Godefroy-Lebeuf. 


This plant produces a vegetable butter. It will grow in summer in the hot por- 
tions of California and Florida, and as the plants can be grown as annuals it will 
probably prove successful. 


5075. TRITICUM VULGARE. Wheat. 
From New South Wales, Australia. Received May 8, 1900. 


Allora. This variety is obtained in Australia, though it is said to have come 
originally from California. It is medium or small in height, with red, bald, or 
slightly bearded heads. The grain is soft and white, and produces flour with a low 
gluten content. Its particularly valuable quality for this country is its earliness in 
ripening, although it is usually rather rust-resistant (at least in Australia) and fairly 
drought-resistant. It is adapted to the Southern States, but might also be tried in 
Oregon, northern California, and southeastern Washington. It is a winter variety 
in mild climates. 
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5076. TRITICUM VULGARE. Wheat. 
From New South Wales, Australia. Received May 8, 1900. 


Steinwedel. This is a winter variety for mild climates. It has bald heads, soft, 
white grains, and produces a weak flour of fair gluten content. It is particularly 
resistant to drought, and ripens early; is adapted to our Southern States, but may 
well be tried in our Pacific coast States. It is not considered a good milling wheat 
in Australia. 


5077. TRITICUM VULGARE. Wheat. 
From New South Wales, Australia. Received May 8, 1900. 


Canning Downs. This variety is a wheat of short growth, with bearded heads. It 
ripens very early, and possesses a fair quality of grain, but is not hardy. It is 
adapted for trial in the Southern States west to Texas, and, because of its early 
maturity, should be tested in Oregon and southeastern W ashington. 


5078. TRITICUM VULGARE. Wheat. 
From New South Wales, Australia. Received May, 8, 1900. 
Early Baart. This is an early-ripening variety, adapted to the Pacific States. It 
is a winter variety in mild climates. 
5079. TRITICUM VULGARE. Wheat. 
From New South Wales, Australia. Received May 8, 1900. 


King’s Early. This is a winter variety for mild climates. It produces a rather 
soft grain and is very early in ripening. It is adapted to the Southern States, and 
may well be tried in the Pacific coast States. 


5080. Bromus UNIOLOIDES. Rescue grass. 


From New South Wales, Australia. Received May 8, 1900. 


This grass is a native of South America, and possibly also of the southwestern 
United States. Distributed. 


5081. PasPaALUM DILATATUM. eres water grass. 
From New South Wales, Australia. Received May 8, 1900. 


A rather coarse-leaved perennial, growing in clumps 2 to 5 feet high, bearing near 
the summit of the stems 2 to 10 more or less spreading racemes or spikes of crowded, 
hairy spikelets. Although a native of Brazil, ic has now become quite largely intro- 
duced throughout the United States. 


5082. ATRIPLEX NUMMULARIA. Round-leaved saltbush. 
From New South Wales, Australia. Received May 8, 1900. 


This plant attains a height of from 6 to 10 feet and is highly valued as forage for 
cattle and sheep. Although it is extensively planted and “highly valued in central 
Australia and South Africa, the experiments with it in this country have not been 
satisfactory. 


5083. ATRIPLEX HALIMOIDES. Mealy saltbush. 
From New South Wales, Australia. Received May 8, 1900. 


A low-growing, shrubby perennial about 1 foot high, with variable, ovate-lanceolate 
leaves, which are covered with whitish, dust-like scales. It is a native of the Cen- 
tral regions of Australia, where it makes a very rapid growth and begins to bear 
seeds in three months after sowing. In this country it has not been sufficiently 
experimented with to state its possibilities. 


5084. Poa PRATENSIS. Kentucky blue grass. 
From New York. Received May 5, 1900. Distributed. 
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5085-5105. CapsiICUM ANNUUM. Red pepper. 


From British Guiana. Received May 14, 1900. Presented by the Director of the 
Botanic Gardens. A collection of different varieties, of which but two are named 
or deseribed: 


5085. (1.) Distributed. 
5086. (2.) Distributed. 
5087. (3.) Distributed. 
5088. (4.) Distributed. 
5089. (5.) Distributed. / 
5090. (6.) Distributed. 
5091. (7.) Distributed. 
5092. (8.) Distributed. 
5093. (9.) Distributed. 
5094. (10.) Distributed. 
5095. (11.) Distributed. 
5096. (12.) Distributed. 
5097. (13.) Distributed. 
* 5098. (14.) Distributed. 
5099. (15.) Distributed. 
5100. (16.) Distributed. 
5101. (17.) Distributed. 
5102. (18.) Distributed. 
5108. (19.) Distributed. 
5104. (20.) Killmissy. Distributed. 
5105. (21.) Black when young, yellow when ripe. 
5106. CapsiCUM FRUTESCENS BACCATUM. Bird pepper. 


See Nos. 5085-5105. . Distributed. 


5107. HvUMULUS LUPULUS. ; Hop. 


From Bohemia. Received through Messrs. Lathrop and Fairchild (No. 252), 
May 15, 1900. 


Red Semsch. A variety, originated in Auscha, which has been improved by being 
grown two years on the red soils of Saaz, the most noted hop region of Bohemia. (See 
Circular No. 19, Division of Botany.) Distributed. 

5108. HumMuLUs LUPULUS. Hop. 


From Bohemia. Received through Messrs. Lathrop and Fairchild (No. 255), 
May 15, 1900. 


The true Saaz hop, less fruitful than Auscha, but with the finest aroma and bitter 
taste. (See Circular No. 19, Division of Botany.) Distributed. 
5109. Ficus Carica. Caprifig. 


From Algiers, Algeria. Received through Mr. Walter T. Swingle (No. 1), May 
16, 1900. Presented by Dr. Trabut. 


From Jardin d’ Essai. Distributed. 


5110. OLEA EUROPA. Olive. 


From Algiers, Algeria. Received through Mr. Walter T. Swingle (No. 4), May 
17, 1900. Presented by Dr. Trabut. 
Olive longue de Constantine. ‘‘ A very large pickling olive of very superior quality, 
from the Jardin du Hamma, at Constantine.’’ (Swingle.) Distributed. 
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5111. OLEA EUROPA. Olive. 
From Algiers, Algeria. Received through Mr. Walter T. Swingle (No. 5), May 
17, 1900. 


Round Constantine. Distributed. 


5112. CARICA PAPAYA. Papaw. 


From Honduras. Presented by Dr. R. Fritzgartner, Director of the Mint, 
Tegucigalpa. Received May 17, 1900. 


Large, yellow fruit. Distributed. 


5113. Ficus carica. Caprifig. 

From Algiers, Algeria. Received through Mr. W. T. Swingle, May 17, 1900. 
Distributed. 

5114. NICOTIANA TABACUM. Tobacco. 


From Japan. Received May 17,1900. Presented to Hon. James Wilson, Secre- 
tary-of Agriculture, by C. Maki, Director of the Ibraki Prefecture of the Ota 
Tobacco Monopoly. 


Kokubu. ‘‘The best tobacco produced in this district. The aromatic leaves are 
excellent and grade first in Japan.’’ (Maki.) 


5115-5122. 


From Sinaloa, Mexico. A collection of seed presented by Mr. G. Lawton Taylor, 
of Santa Cruz de Alaya, through the Office of Experiment Stations, May 21, 1900. 


5115. Carica papaya. Papaw. 


Papai. A tree about 20 feet high; fruit excellent. Distributed. 


5116. Carica papaya. Papaw. 
Papai. From Oahu, H. I. ‘‘Extremely productive and excellent eaten 
green, cooked as vegetables, or ripe as fruit.’’ (Taylor.) Distributed. 
5117. Brassica JUNCEA. Chinese mustard. 
Koytoi. ‘‘From Asia. Eaten cooked as greens and also made into a 
sauerkraut.’? (Taylor.) Distributed. 
5118. VIGNA CATJANG. Cowpea. 
Aukok. ‘A long, black climbing bean from Asia. Eaten as snap beans. 
Very tender even when old.” ( Taylor.) Distributed. 
5119. Cvucursira PEpo. Squash. 


Umqua. ‘* A Chinese squash, weighing about 30 to 40 pounds. The squash 
looks much like a watermelou, but is hollow and will keep a year if 
not frozen, pieces being cut off and cooked as vegetables.”’ ( Taylor. ) 
Distributed. 


5120. CrirruLLus vULGARIS. Citron. 

Tequa. ‘‘From Asia. Is like the Umqua in appearance and weight, but 
keeys only four months.’’ (Taylor.) Distributed. 

5121. Momorpica CHARANTIA. Gourd. 


Laqua. ‘‘A climber. Fruit looks like a large gherkin. Is cooked with 
roast meats. Acid fruit weighs about three-fourths of a pound.” (Tay- 
lor.) Distributed. 


5122. Lurra ACUTANGULA. Gourd. 


Suqua. ‘‘From China. A delightful cornucopia-shaped, 10-ribbed vege- 
table, climber, from 1 to 23 feet long. Is good raw or cooked. Looks 
like black watermelon seed.’’ (Taylor.) Distributed. 
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5123. Ficus CARICA. Caprifig. 

From Algeria. Received through Mr. W. T. Swingle (No. 3), May 21, 1900. 
Distributed. : 

5124. CITRUS LIMONUM. Lemon. 


From Banda, Dutch East Indies. Received through Messrs. Lathrop and Fair- 
child (No. 350), May 22, 1900. 
Sauerbier. A very large, thin-skinned, exceedingly juicy lemon of good flavor. 
Distributed. 


5125. STIPA LEUCOTRICHA. Bearded mesquite. 
From Victoria, Tex. Presented by Hon. J. D. Mitchell, May 21, 1900. 


”) 


This is the best hay grass of the ‘‘sedge-grass prairies’’ of southern Texas. It is 
a bunchy grass with long and abundant leaves, and grows 3 to 4 feet high. 


5126. RuMEX HYMENOSEPALUS. Canaigre. 
From San Antonio, N. Mex. Received March 1, 1900. Presented by Mr. C. B. 
Allaire. 


A few seeds from a plant selected for its high tannin content. Distributed. 


5127. CucuMIS MELO. Muskmelon. 
From Turkey. Received May 24, 1900, through Mr. H. 8. D. Ashby, Smithfield, 
Tex. 


‘“A few seeds sent by Judge A. Terrell from Constantinople. Said to be a very 
fine melon of delicate flavor.”’  ( Ashby.) 
5128. CaRAGANA FRUTESCENS. Siberian pea tree. 


From Russia. Received through Prof. N. E. Hansen, March, 1898. 


5129. RuBus XANTHOCARPUS. Raspberry. 
From North China. Received through Prof. N. E. Hansen, March, 1898. 
Orange-fruited raspberry. From mountains of North China. Fruit large; peculiar, 
pleasant flavor; semirecumbent habit. Hardy at St. Petersburg. Cultivated in 
ordinary way. Likely to become a bad weed. Should be watched. 


5130-5138. 


From Russia. Received through Prof. N. E. Hansen, March, 1898. A collec- 
tion of seeds as follows: 


5130. Rosa ruaosa (No. 600. ) 

5181. Nera AamureEnsis. (No. 602.) Distributed. 
51382. LonicerRA CHRYSANTHA. (No. 603.) 

5188. CLEMATIS ALPINA. (No. 606.) 

5134. Rveus arcricus. (No. 607.) Distributed. 
5135. LonicerRA ALBERTI. (No. 608.) 

5136. LonicerRA C#RULEA DEPENDENS. (No. 609.) 
5187. Rosa ruGosa ALBA. (No. 610.) 


5138. CARAGANA FRUTESCENS GRANDIFLORA. (No. 611.) 


5139. AVENA SATIVA. Oat. 

From Kiovikko, Finland. Received through Messrs. Lathrop and Fairchild 
(No. 433), September 28, 1900. 

North Finnish Bleck. ‘‘The climate of Kiovikko is extremely cold. During the 

winter of 1899-1900 the temperature remained for nearly three weeks at from —4° F. 
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to —40° F., reaching an extreme minimum of —49° F._ Frosts often occur every 
month during the summer. Seed is sown here in April and May. The harvest 
occurs at the end of August. This seed was grown at the Finnish Agricultural 
School of Kiovikko. It matures earlier than any other sort.” (Fairchild.) 


5140. AVENA SATIVA. Oat. 


From Kiovikko, Finland. Received through Messrs. Lathrop and Fairchild, 
September 28, 1900. 


A white oat which was mixed with No. 5139. 


5141. PINus SILVESTRIS. Scottish pine. 


From Jokkis, Finland. Received through Messrs. Lathrop and Fairchild (No. 
434), September 28, 1900. 


5142. PROSOPIS HORRIDA. Algaroba. 


From Rosario, Argentina. Received September 28, 1900. Presented by Hon. 
James M. Ayers, United States consul. 


‘“The pods of this tree, which resembles the Mesquite bean of Texas, are exten- 
sively used for feeding cattle and for food by the common people. It grows luxu- 
riantly in very dry regions.”’ (Fwirchild.) 


5143. Diospyros TEXENSIS. Texas ebony. 
From Victoria, Tex. Presented by Mr. E. H.Smith. Received October 1, 1900. 


5144. MEeENTHA PIPERITA. Peppermint. 


From Hungary. Received October 2, 1900. 


5145. TRITICUM VULGARE. Wheat. 
From Columbia, Mo. Received September 29, 1900. 
Fultz. Wheat grown by the Missouri Agricultural Experiment Station. 


5146. ViIcIA CRACCA. Vetch. 


From Lulea, Sweden. Received through Messrs. Lathrop and Fairchild (No. 
437a), October 4, 1900. 


5147. ViIctIA FABA. Horse bean. 


From Freemansburg, Pa. Presented by Mr. J. H. Denyer. Received October 
5, 1900. 


(See No. 3997, Inventory No. 8.) 


5148. VICcIA FABA. Horse bean. 


From Freemansburg, Pa. Presented by Mr. J. H. Denyer. Received October 
5, 1900. 


(See No. 3997, Inventory No. 8.) 


5149. Huicoria PECAN. Pecan. 
From Victoria, Tex. Presented by Mr. E. H. Smith. Received October 15, 1900. 


5150. TrITICUM VULGARE. Wheat. 


From Japan. Received May 26, 1900. Presented by Prof. Setsuschuro Tanaka, 
Agricultural College, Komaba, Tokyo. 


Onigara. ‘Produced in Owada in the Prefecture Scitama, several miles from 
Tokyo, a region noted for its wheat production.”’ 
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5151. Hipiscus SABDARIFFA. Roselle. 
From Topolobampo, Mexico. Received May 31, 1900. Presented by Mr. A. J. 
Wilber. 


Roselle is used for various culinary purposes; the leaves as greens; the fleshy 
calyxes for sauces, salads, etc. The dried calyxes are the roselles of commerce. 


5152. HALOXYLON AMMODENDRON. 
From Russia. Received May 31, 1900. Presented by the Secretary for Agri- 
culture and Mines, Department of Agriculture, St. Petersburg. 
Black. 


) 


5153. HALOXYLON AMMODENDRON. 
From Russia. Received May 31, 1900. Presented by the Secretary for Agricul- 
ture and Mines, Department of Agriculture, St. Petersburg. 
White. 


5154. CaPpsicUM ANNUUM. Red pepper. 


From Surabaya, Java. Received through Messrs. Lathrop and Fairchild (No. 
391), June 1, 1900. 


‘““Long red pepper, very silky skinned, three-eighths of an inch in diameter, from 
the market of Surabaya.”’ (Fairchild. ) 


5155. SouaNum. 


From Canton, China. Received through Messrs. Lathrop and Fairchild (No. 
392), June 1, 1900. 


‘Seed from single fruit of ornamental shrubby species of Solanwm, grown in pots 
in the ‘City of the Dead’ at Canton. The showy fruits are of an exceedingly deep, 
rich red color. Plant more or less spiny; 1 foot high; should be grown as a pot 
plant. (Fairchild. ) 


5156. SoLaANuM. 


From Canton, China. Received through Messrs. Lathrop and Fairchild (No. 
393), June 1, 1900. 


‘“‘A thorny shrub 2 feet high, grown in pots as an ornamental. The lemon-yellow 
fruits are distinguished by small manifold enlargements around the base, giving it a 
most peculiar appearance. Are egg-shaped, 2 or 3 inches long. From the ‘City of 
the Dead’ in Canton.”’ (Fairchild. ) 


5157. QUERCUS CORNEA. Oak. 


From Hongkong, China. Received through Messrs. Lathrop and Fairchild 
(No. 394), June 1, 1900. 


“An edible acorn grownin Hongkong. Tonsof this acorn are consumed. It is as 
sweet asa chestnut and has a flavor which is very agreeable. It deserves serious con- 
sideration.’’ ( Muirchild. ) 


5158. ScIRPUS TUBEROSA. Water chestnut. 
From Hongkong, China. Received through Messrs. Lathrop and Fairchild 


No. 395), June 1, 1900. 

‘“One of the most interesting aquatic vegetables in China. Has been introduced 
into California by the Chinese. (See reports of California Experiment Station. )’”’ 
(Fairchild. ) 

5159. ANDROPOGON SORGHUM. Broom corn. 


From Batavia, Java. Received through Messrs. Lathrop and Fairchild (No. 396), 
June 1, 1900. 


“* Red variety, used as an ornamental grass in Batavia. (Jwirchild.) 
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5160. TERMINALIA CHEBULA. Myrobalan. 
From Canton, China. Received through Messrs. Lathrop and Fairchild, June He 
1900. 


‘‘A nut, of which the epicarp is used for a black dye. Iam told that this is the 
Myrobalan of India, which is used in large quantities for tanning purposes in the very 
extensive boot and shoe factories of Cawnpore. Deserves to be looked up. From 
market in Canton, China. These samples will not grow.”’ (Fuirchild.) 


5161. Oryza SATIVA. Rice. 
From Canton, China. Received through Messrs. Lathrop and Fairchild, June ib 
1900. 


Grown in Whampoa, near Canton. Distributed. 


5162. Oryza SATIVA. Rice. 
From Canton, China. Received through Messrs. Lathrop and Fairchild, June 1, 
1900. 


‘This variety is the highest-priced rice in Canton.”’ ( Fairchild.) Distributed. 


5163. Oryza SATIVA. Rice. 
From Canton, China. Received through Messrs. Lathrop and Fairchild, June1 
1900. 


“Variety grown everywhere about Canton. The common sort.’ ( Fairchild.) 
Distributed. 


5164. Oryza SATIVA. Rice. 
From Saikong, China. Received through Messrs. Lathrop and Fairchild, June i 
1900. 


“This variety is imported into Canton.”’ ( Fairchild.) Distributed. 


5165. ORyZzA SATIVA. Rice. 


From Bangkok, Siam. Received through Messrs. Lathrop and Fairchild (No. 
397), June 1, 1900. 
Royal Caw Hluang. ‘‘ From the private paddy field of the King of Siam. Said to 
be of superior quality.”’  ( Fuirchild. ) 


5166. ORYZA SATIVA. Rice. 
From Bangkok, Siam. Received through Messrs. Lathrop and Fairchild (No. 


398), June 1, 1900. 


Nasuan. ‘‘The largest-kerneled rice in Siam.”’ ( Fuirchild.) Distributed. 


5167. PIPER NIGRUM. _ Pepper. 


From Bangkok, Siam. Received through Messrs. Lathrop and Fairchild (No. 
399), June 1, 1900. 


“A variety of white pepper said to be grown exclusively for the table of the King 
of Siam.’’ ( Fuirchild. ) 
5168. AVENA SATIVA. Oat. 
From Proskurow, Russia. Presented by Dr. 8. de Mrozinski. 


An early oat which ripens within 75 days from the seed. ‘Distributed. 


5169. Musa ABYssINIca. Banana. 
From Santa Ana, Cal. Received through Mr. W. T. Swingle, June 1, 1900. 


A flowering banana with seeds as large as cacao beans. 
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5170. ViTIS ROTUNDIFOLIA. Grape. 


From Clarcona, Fla. Presented by Mr. H. Meislahn. 
Scuppernong. 


5171. VItTIS ROTUNDIFOLIA. Grape. 
From Clarcona, Fla. Presented by Mr. H. Meislahn. 
Thomas. 
5172. PraROXYLON UTILE. Sneezewood. 


From South Africa. Presented by Hon. A. D. Heywood, Conservator of For- 
ests, Umtata, Cape of Good Hope. 


‘““This tree supplies one of the most durable of South African timbers. Very hard 
and difficult to work, but valuable for fence posts. Splits easily and burns well.” 
( Von Mueller. ) 


5173. GUAIACUM OFFICINALE. Lignum-vite. 


From Jamaica. Received through Mr. D. G. Fairchild, from the Director, 
Botanical Department. 


“Tree, attaining middle size, but of slow growth. Yields a heavy, diagonally 
fibrous, somewhat odorous, greenish lignum-vite, which is unique in its qualities and 
much sought for pulley blocks, rulers, ete. The resin is used medicinally and for 
chemical tests.”’? (Von Mueller. ) 


5174. TRIFOLIUM JOHNSONI. i Clover. 


From British East Africa. Presented by the Director of the Royal Botanic 
Gardens, Kew, England, through the U. 8. National Museum. 


Seeds of the white clover of the rich, short pastures in the Kiluyu district, at an 
elevation of 6,500 feet. It is greedily devoured by all sorts of stock and will 
probably prove most useful in tropical and subtropical countries. Distributed. 


5175. (GoOssyPIUM BARBADENSE. Egyptian cotton. 


From Egypt. 


5176. ISoPpOGON DAWSONI. Isopogon. 


From New South Wales, Australia. Presented by Mr. R. P. Baker, Curator of 
the Technological Museum, Sydney. 


‘A new species of this genus recently described in the Proc. Linn. Soc. N.S. W. 
It is the tallest of any of the Jsopogons occurring in eastern Australia. The flowers 
are more showy than those of other species of the genus.”? (Baker. ) 


5177. AcCTINOTUS HELIANTHUS. Flannel flower. 


From New South Wales, Australia. Presented by Mr. R. T. Baker, Curator of 
the Technological Museum, Sydney. 


‘‘This is one of the favorite wild flowers of Sydney and at first sight would be 
taken for a composite, the large, white involucral bracts resembling the ray florets 
of a composite. It much resembles the edelweiss of the Swiss Alps. Grows in 
poor, sandy, rocky soil.’ (Baker. ) 

5178. LENS ESCULENTA. Lentil. 


From Leitmeritz, Bohemia. Received through Messrs. Lathrop and Fairchild, 
September, 1899. 


‘Samples of lentils from Leitmeritz, the noted lentil region of Bohemia.”? (Fair- 
child.) 
5179. CucUMIS METULIFERUS. African horned cucumber. 


From Avonpark, Fla. Presented by Mr. 8. G. Donaldson. 
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5180. CuUCUMIS MELO. Muskmelon. 
From San Juan, P. R. Presented. by Capt. H. R. Lemly, U. S. A., June, 1899. 
Valencia.  ‘‘This melon will keep several months if cut from the vine before 
fully ripe. It is green in color when ripe and of very fine flavor.’ (Lemly.) 
5181. Pinus. Pine. 
From Russia. Received through Mr. M. A. Carleton, December, 1899. 


A pine with edible seeds as large as a coffee berry. 


5182. AVENA SATIVA. Oat. 
From Russia. Received through Mr. M. A. Carleton, 1899. 


5183. PAPAVER SOMNIFERUM. Poppy. 
From Russia. Received through Mr. M. A. Carleton, 1899. 


5184. HorDEUM VULGARE. Barley. 
From Russia. Received through Mr. M. A. Carleton, 1899. 


Best for beer-brewing purposes. 


5185. SECALE CEREALE. Rye. 


From Russia. Received through Mr. M. A. Carleton, 1899. 


5186. CrITRULLUS VULGARIS. Watermelon. 
From Prim, Ark. Received from Mr. F. P. Hynds, December 14, 1899. 


‘“This melon is a rank grower of surpassing sweetness.”’ (Hynds. ) 


5187. BaAsELLA RUBRA. Malabar nightshade. 


From Buenos Ayres, Argentina. Received through Messrs. Lathrop and Fair- 
child, 1899. 

*‘A very vigorous salad vine; grows over low trellises and forms dense masses of 
thick, succulent leaves of very crisp texture. These leaves are cooked and make an 
excellent salad or greens. Introduced into Argentina by General Roca, President 
of the Republic.’?  (Fuirchild.) 


5188. CASTILLOA ELASTICA. Rubber. 
From Port Limon, Costa Rica. Presented by Mr. F. C. Nicholas, June 18, 1900. 


A lofty forest tree of the bread-fruit family, native of America. Lately introduced 
into Ceylon and some parts of India. It has been found easy to grow this tree from 
cuttings and it does well on slopes of hills. Distributed. 


5189-5216. 


From Manila, P. I. A collection of seeds secured by Lieut. A. P. Hayne, 
California Heavy Artillery, U. S. V., and Mr. Jeremiah Rebmann, private, *Com- 
pany B, First Nebraska V olunteers, while serving under an honorary commission 
from the Secretary of Agriculture, during the period from January 7, 1899, to July 
1, 1899. The seeds were received January 15, 1900. 


5189. Distributed. 


~5190. CrNnNAMomuUM. 
‘An ornamental shrub with very fragrant flowers. Common in Manila,” 
(Rebmann. ) 
5191. Carica PAPAYA. Papaw. 


“This is the papaw of the tropics, producing a fine, edible fruit. Com- 
mon in the Philippines.’”’ (Rebmann.) 
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5189-5216—Continued. 
5192. Mrrasi.is. 


‘*A little herbaceous flowering plant cultivated in gardens as an ornamental. 
Common in Manila.” (Rebmann.) 


51938. CasALPINIA PULCHERRIMA. 


Tagal name, Caballero or Tilor de fuego. 


5194. ARECA CATECHU. Betel nut. 


Tagal name, Bonga. 


5195. CALOPHYLLUM INOPHYLLUM. 


e 
Tagal name, Palo Maria. 
5196. ALBIzZzIA PROCERA. 
Tagal name, Ac/e. 
5197. CrrBa. Cotton tree. 
Tagal name, Taglinao. 
5198. TeERMINALIA LATIFOLIA. 
Tagal name, Taliscy. 
5199. Gossypium. Cotton. 
Tagal name, Bulacana muti. 
5200. Mimosa. 
Tagal name, Jpil. 
5201. AcHRAS SAPOTA, Sapodillo. 


Tagal name, Chico. This tree is an evergreen with dark-green, shining 
leaves. The fruit is about the size of a hen’s eggand much of the same 
shape, dark-brown, with a mealy surface. It is eaten to a limited 
extent by the natives. 


5202. ANACARDIUM OCCIDENTALE. Cashew nut. 


Tagal name, Cassoy. A tree 30 to 40 feet high. The gum, sap, bark, 
and seed are all employed either for dyeing, tanning, or medicine. The 
fruit is eaten by the natives and the wood used for packing cases, 
boat building, and charcoal. 


5208. ACACIA FARNESIANA. Cassie. 


Tagal name, Aroma. (See No. 3349, Inventory No. 7; and No. 3528, In- 
ventory No. 8.) 


5204. CANANGA ODORATA. Tlang-ilang. 


Ned 


Tagal name, Ilang-ilang. (See No. 3793, Inventory No. 8.) 


5205. SANDORICUM INDICUM. Sandal tree. 


Tagal name, Santol. This evergreen glabrous tree is a native of the 
Moluecas and extensively cultivated in the tropics. Leaves trifoliate 
and numerous; flowers yellow, sparse, and glomerate. The apple- 
shaped fruit is fleshy, acid, and edible. 


5206. SpoNDIAS DULCIS. Ciruela. 


Tagal name, Siriiuelas. A tree from 50 to 60 feet high. The deep-amber 
colored fruit is egg-shaped, measures a foot in circumference, and weighs 
1 or more pounds. The rind tastes of turpentine, but the pulp has an 
apple-like smell and an agreeable flavor. 
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5189-5216—Continued. 


5207. POINCIANA REGIA. Royal poinciana. 
Tagal name, Arbol de Juego (fire tree). This is a beautiful ornamental 
tree. It is especially desirable for streets and parks. (See No. 808, 
Inventory No. 1.) 
5208. CaryYOTA URENS. Fish-tail palm. 


One of the finest ornamental palm trees. It is one of the hardiest varieties 
known, growing in the Himalayas at an altitude of 5,000 feet. Some 
claim that it will grow at an altitude of 7,500 feet, where the temper- 
ature sometimes approaches the freezing pati 


5209. SeESBANIA GRANDIFLORA. 


Tagal name, Caturay. Called in Australia the corkwood tree. Valuable 
for various purposes. The red-flowered variety is very ornamental. 

The fruit sometimes attains a length of 3 feet. 
5210. ANONA RETICULATA. Custard apple. 


Tagal name, Anonas. A small tree, the leaves of which are used in dyeing 
and tanning, the bark for medicine and fiber, and the fruit as a food. 
The timber also has commercial value. 


5211. SrercuLIA HELICTERES. 
Tagal name, Dungan. (See No. 3804, Inventory No. 8.) Distributed. 


5212. Acacta. 
Tagal name, Acacia. 


5213. TABERNEMONTANA PANDACAQUI. Distributed. 


5214. ARTABOTRYS ODORATISSIMUS. 


Tagal name, Ilang-ilang de China. 


5215. PorncriaNa REGIA. Royal poinciana. 
Tagal name, Arbol de fuego. (See No. 5207.) 


5216. CITRUS DECUMANA. Pomelo. 


Tagal name, Naranja. Red-fleshed. Bears fruit throughout the year. 
(See No. 3409, Inventory No. 8.) 


5217. CoLA ACUMINATA. Kola nut. 
From Jamaica. Received June 30, 1900. 


An African tree growing to a height of from 30 to 60 feet and containing many 
valuable properties. The plant resembles the chestnut, and is especially adapted to 
low, damp lands, but can be grown at an altitude of 1,000 feet. It is easily culti- 
vated and yields a large crop twice a year. It begins to fruit when 4 or 4 years old. 
The large trees bear flowers and fruit at the same time. The nut is used in making 
a beverage which isconsidered by some to be superior to coffee or cocoa. Distributed. 


5218. ASPARAGUS HORRIDUS. 
From Algeria. Received through Mr. W. T. Swingle, June 30, 1900. 
A wild species considered by some to be superior to the best cultivated asparagus. 
Distributed. ; 
5219. CARICA. PAPAYA. Papaw. 


From Mexico. Presented by Mr. J. Lawton Taylor, of Santa Cruz de Alaya, 
Sinaloa, June 30, 1900. 


Hawaiian. “An immensely productive variety. It bears crops several times 
during the year.’’ (Taylor. ) 
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5220. CARICA PAPAYA. Papaw. 


From Mexico. Presented by Mr. J. Lawton Taylor, of Santa Cruz de Alaya, 
Sinaloa, June 30, 1900. = 


Mexican. *‘This tree bears only one crop of fruit during the season.’’ ( Taylor.) 


5221. LuFrra ACUTANGULA. Gourd. 


From Mexico. Presented by Mr. J. Lawton Taylor, of Santa Cruz de Alaya, 
Sinaloa, June 30, 1900. 


Suqua. “‘A native of Asia. Eaten cooked as a vegetable or raw.’ ( Taylor.) 
(See No. 5122.) 


5222. VIGNA CATJANG. Cowpea. 


From Mexico. Presented by Mr. J. Lawton Taylor, of Santa Cruz de Alaya, 
Sinaloa, June 30, 1900. 


Ankok. “A black climbing bean, a native of Asia. It makes a good arbor for 
grapes. The pods grow here to a length of 40 inches. They are tender and are 
eaten like string beans.’’ (Zaylor.) (See No. 5118.) 


5223. MoMmMorDICA CHARANTIA. Gourd. 


From Mexico. Presented by Mr. J. Lawton Taylor, of Santa Cruz de Alaya, 
Sinaloa, June 30, 1900. 


Laqua. ‘A kind of gherkin, cooked with roast meat.’’ ( Taylor.) (See No. 5121.) 


5224. PHaGNIX DACTYLIFERA. Date. 


From Cora, near Biskra, Algeria. Received through Mr. W. T. Swingle (No. : 
2), July 2, 1900. 


Ksiba. 


5225-5341. PH@NIX DACTYLIFERA. Date. 


A collection of date palms obtained by Mr. W. T. Swingle in northern Africa, 
to be described in a separate publication. 


5342. TRITICUM VULGARE. Wheat. 
From Tokyo, Japan. Received July 5, 1900. 


Onigara. An early ripening, soft, bearded wheat, rather hardy, and with a fair 
gluten content. Is of yellowish-green color in the autumn. Grain of medium size, 
light-brown; straw tall, erect; a fair stooler 


5343. ‘TRITICUM VULGARE. Wheat. 
From Tokyo, Japan. Received July 5, 1900. 


Yemide. An early-ripening, bearded winter wheat with very large, coarse, erect 
straw. Grain of medium size, soft, and light-brown in color. 


5344. CRYPTOMERIA JAPONICA. Cryptomeria. 
From Yokohama, Japan. Received July 5, 1900. 


A very beautiful Japanese evergreen. Distributed. 


5345. BampBusa. Bamboo. 
From Yokohama, Japan. Received July 5, 1900. 
Matake. Distributed. 
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5346. Bampusa. Bamboo. 
From Yokohama, Japan. Received Jul y 5, 1900. 
Moso. Distributed. 


5347. ERIOBOTRYA JAPONICA. Loquat. 
From Italy. Received July 5, 1900. (See Nos. 4566 and 4567.) Distributed. 


5348. BROMUS UNIOLOIDES RUPESTRIS. Rescue grass. 


From La Plata, Argentina. Received through Messrs. Lathrop and Fairchild 
July 14,1900. Presented by Dr. Carlos Spegazzini. Distributed. 


5] 


5349. LoLIuM BRASILIANUM. Rye grass. 


From La Plata, Argentina. Received through Messrs. Lathrop and Fairchild, 
July 14, 1900. Presented by Dr. Carlos Spegazzini. Distributed. 


5350. CEREUS CHALIBEUS. 
From La Plata, Argentina. Receive/l through Messrs. Lathrop and Fairchild, 
July 14, 1900. Presented by Dr. Carlos Svegazzini. (See No. 3424, Inventory 
No. 8.) 
5351-5355. Triticum pURUM. Wheat. 
From Marseille, France. Received through Mr. W. T. Swingle, July 18, 1900. 


‘These five numbers comprise a collection of the different types of macaroni wheat 
for sale at the Marseille stock exchange June 17, 1900. They were procured 
through the kindness of Dr. Bendit after consultation with many of the wheat 
brokers and millers of Marseille.” (Swingle. ) 


5351. BrRDEANSKA. 
5352. Novorossisk. 
5353. ALGERIAN. 
5354. ARGENTINE. 
53855. TaGanroa. 


5356. RaPHANUS SATIVUS. Radish. 


From Kagoshima, Japan. Presented by Mr. T. Okohira, of the Japanese Lega- 
tion. Received July 16, 1900. 


Daikon. (See No. 3876, Inventory No. 8.) 


5357-5359. ARACHIS HYPOG®HA. Peanut. 
From Marseille, France. Received through Mr. W. T. Swingle, July 28, 1900. 


A collection of the best oil varieties of peanuts, purchased in the Marseille market 
by the United States consul. They are as follows: 


5357. From Senegal. 
5358. Gambia. 
5359. Coromandel. 


5360. PHORMIUM TENAX EGMONTIANA. New Zealand flax. 


From New Brighton, Canterbury, New Zealand. Received July 30, 1900. 
Presented by Mr. L. Cockayne. 


The brown or purple leaved New Zealand flax. Distributed. 
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5361. PHORMIUM COOKIANUS. New Zealand flaz. 


From New Brighton, Canterbury, New Zealand. Received July 30, 1900. 
Presented by Mr. L. Cockayne. : 


- 3 : ‘ . , ‘ 
A form growing on limestone rocks at sea level. Distributed. 


5362. ORYZA SATIVA. Rice. 
From Java. Received through Messrs. Lathrop and Fairchild, July 30, 1900. 


A small sample of the most noted Javan rice, the Indra Mayoe, secured from the 
Holland exhibit at the Paris Exposition, 1900. Distributed. 


5363. CUCURBITA MAXIMA. Pumpkin. 
From Forestburg, 8. Dak. Received August 2, 1900. Presented by Hon. H. C. 
Warner. 


Hungarian honey. Seed grown at Forestburg two years from the original No. 14, 
Inventory No. 1, imported by Prof. N. E. Hansen. 
5364. ATRIPLEX NUMMULARIA. Old man saltbush. 
From Coolabah, New South Wales. Presented by Mr. R. W. Peacock, August 
3, 1900. (See No. 5082. ) 
5365. ATRIPLEX HALIMOIDES. Saltbush. 


From Coolabah, New South Wales. Presented by Mr. R. W. Peacock, August 
3, 1900. (See No. 5083. ) 


5366. ATRIPLEX LEPTOCARPA. Saltbush. 
From Coolabah, New South Wales. Presented by Mr. R. W. Peacock, August 
3, 1900. 


A much-branched trailing perennial. The whole plant is covered with glaucous 
bloom. The leaves are very variable in shape, but mostly oblong, and from 1 to 2 
inches in length. The fruit is small, narrow, cylindrical, and prominently two- 
pointed at the apex. This species was introduced into California in 1891 and has 
become widely distributed. (See Farmers’ Bulletin No. 108.) Distributed. 


5367. ATRIPLEX ANGULATA. Saltbush. 
From Coolabah, New South Wales. Presented by Mr. R. W. Peacock, August 
3, 1900. 


““\ dwarf shrubby plant with spreading branches more or less covered with a 
mealy whiteness. It withstands very dry weather, is easily cultivated, and makes 
a valuable hay for feeding stock. The seeds should be sown in early autumn, after 
a rainfall.” (Turner. ) Distributed. 


5368. ATRIPLEX VESICARIA. Bladder saltbush. 


From Coolabah, New South Wales. Presented by Mr. R. W. Peacock, August 
3, 1900. 


An erect, bushy shrub, 18 inches to 2 feet high, and covered with a white, scaly 
dust. The leaves are about three-fourths of an inch long and oblong in shape. The 
fruit is membranous, with large, inflated, angled, bladder-like appendages on each 
side, hence the name ‘ bladder saltbush.” In Austraiia this species is considered 
one of the most valuable forage plants, because of the abundance ot seed which it 
produces and the ease with which the seeds are spread about. It withstands the 
utmost extremes of drought. (See Farmers’ Bulletin No. 108.) 


5369. ATRIPLEX LEPTOCARPA. Saltbush. 


From Coolabah, New South Wales. Presented by Mr. R. W. Peacock, August 
3, 1900. Distributed. 


(See No. 5366. ) 
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5370. ASTREBLA TRITICOIDES. Mitchell grass. 


From Coolabah, New South Wales. Presented by Mr. R. W. Peacock August 
3, 1900. 
dy c 


A perennial grass found on rich soils. 


5371. AsTREBLA PECTINATA. Mitchell grass. 
From Coolabah, New South Wales. Presented by Mr. R. W. Peacock, August 
3, 1900. ; 


This is one of the famous Mitchell grasses and is regarded by some as the best of 
all native grasses, both for its drought enduring qualities and for its fattening proper- 
ties. Distributed. 


5372. ERAGROSTIS PILOSA. Love grass. 


From Coolabah, New South Wales. Presented by Mr. R. W. Peacock, August 
3, 1900. 


This grass is common in the warm and temperate regions of the northern hemi- 
sphere, chiefly in the Old World. When conditions are favorable it grows about 3 
feet high. It reproduces itself from falling seeds and often grows during the entire 
winter. Little attention is required in its cultivation. Distributed. 


5373. DIPLACHNE FUSCA. Swamp grass. 


From Coolabah, New South Wales. Presented by Mr. R. W. Peacock, August 
3, 1900. 


This annual grass grows plentifully in damp and swampy places and is worth cul- 
tivating on low-lying waste lands. It makes desirable hay and ensilage. The plant 
produces an abundance of seeds which ripen late in the winter. 


5374. KENCHYLENA TOMENTOSA. Barrier saltbush. 
From Coolabah, New South Wales. Presented by Mr. R. W. Peacock, August 
3, 1900. 


This procumbent or divaricately branched undershrub has been cultivated for 
many years and produces seed nearly all the year round, but more abundantly in 
the summer months. Owing to its free seeding and the easy germination of its seed, 
it grows quite plentifully. Sheep feed greedily on this shrub. The seeds should be 
sown during the early autumn months, after a rainfall, if possible. Distributed. 


5375. CHETOCHLOA. 


From Roebourne, West Australia. Presented by Mr. W. D. Cusack, August 3, 
1900. 


An annual grass affording good feed. 


5376. CYDONTA SINENSIS. Chinese quince. 
From Washington, D. C. Presented by Mr. Henry F. Blount, August 10, 1900. 


5377. CASTILLOA ELASTICA. Rubber. 


From Managua, Nicaragua. Received August 10, 1900. Distributed. 


5378. Lactuca ACUMINATA. Wild lettuce. 
From Kerrsville, Tex. Presented by Mr. E. K. Carr, August 13, 1900. 


‘This plant grows wild in sheltered places and will endure a temperature of zero, 
Fahrenheit. Never known by oldest settlers to be cultivated. It commences to 
grow with the fall rains and makes an excellent winter salad, being free from a bit- 
ter taste. Itis eaten greedily by cattle. Is never found on open ranges.”’ ( Carr.) 
Distributed. 
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5379. ASTRAGALUS CRASSICARPA. Ground plum. 
From Kerrsville, Tex. Presented by Mr. E. K. Carr, August 13, 1900. 


This is a perennial legume, which grows throughout the entire prairie region.» It 
is well known on account of its fleshy plums or pods, which are produced in the 
greatest abundance during the early spring months. The forage is rich and is rel- 
ished by all kinds of stock. There are several closely related species, which are all 
equally useful, and an effort should be made to prevent their complete extermina- 
tion, at least until something equally good is found to take their places. Distributed. 


5380. TrRITICUM DURUM. Wheat. 
From Mustapha-Alger, Algeria. Recéived through Mr. W. T. Swingle, August 
14, 1900. 
Pellissier. 
5381. HEVEA PAUCIFLORA. Rubber. 


From Georgetown, British Guiana. Presented by Prof. J. B. Harrison, through 
Dr. H. W. Wiley, Chemist. Received August 15, 1900. Distributed. 
5382. HEVEA CONFUSA. Rubber. 
From Georgetown, British Guiana. Presented by Prof. J. B. Harrison, through 
Dr. H. W. Wiley, Chemist. Received August 15, 1900. Distributed. 
5383. PHYSALIS VIOLACEA. 
From Los Angeles, Cal. Presented by Mr. Elmer Stearns, August 24, 1900. 
‘*Various species of Physalis are always to be seen in the Mexican markets. 
The fruits are called ‘tomatoes’ and are used to make a dressing for meats, ete., or 
are combined with red peppers to make a chili sauce.’’ (Rose.) Distributed. 


5384-5392. 


From Mount Lindhurst, South Australia. Received August 28, 1900. 


A collection of seeds of some of the native forage plants of this region, secured by 
Mr. Max Koch. 


5384. CLIANTHUS DAMPIERI. Sturt’s desert pea. 
5385. Acacia crpariaA. Distributed. Mulga. 
5386. POoLYCALYMNIA STURTII. 

5387. LAVATERA PLEBEIA. Marshmallow. 
5388. TRIGONELLA SUAVISSIMA. Scented clover. 
5389. Eropium cYGNORUM. Geranium. 


5390. GossyPIUM STURTII. 
53891. HeELIPreRUM POLYGALIFOLIUM. 
5392. KocHIA SEDIFOLIA. Bluebush. 


5393. NICOTIANA TABACUM. Tobacco. 
From Cuba. Received August 23, 1900. 


True Havana. 


5394-5457. 


From Calcutta, India. A collection of seeds of Indian economic plants presented 
by Prof. D. Prain, Superintendent Royal Botanic Garden. Received August 
30, 1900. 


5394. ASsCHYNOMUM CANNABINA. 
53895. AMARANTHUS POLYGAMUS. Distributed. Amaranth. 
53896. Awneruum sativa. Distributed. Fennel. 
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5397. 
5398. 
5399. 
5400. 
5401. 
5402. 
54038. 
5404. 
5405. 
5406. 
5407. 
5408. 
5409. 
5410. 
5411. 
5412. 


ARACHIS HYPOG#A. 
BASELLA ALBA. 


BENINCASA CERIFERA,. 


CasAnus tnpicus. Distributed. 


CANAVALIA GLADIATA. 
CANAVALIA VIROSA. 
CAPSICUM FRUTESCENS. 
CICER ARIETINUM. 
CITRULLUS VULGARIS. 
CORCHORUS OLITORIUS. 
CoRIANDRUM SATIVUM. 
CvucuMIS SATIVUS. 
CUCUMIS UTILISSIMUS. 
CUCURBITA PEPO. 
CUMINUM CYMINUM. 


DoLIcHOS LABLAB. 


Faleatum majue. 


54138. 


DoLICHOS LABLAB. 


Faleatum minus. 


5414. 


DoLIcHOS LABLAB. 


Purpurascens. 


5415. 
5416. 
5417. 
5418. 
5419. 
5420. 
5421. 
5422. 
5423. 
5424. 
5425. 
5426. 
5427. 
5428. 
5429. 
5430. 
5431. 
5432. 
5433. 
5434. 
5435. 
5436. 
5437. 


VIGNA CATJANG (red). 


VIGNA CATJANG (white). 


ELEUSINE CORACANA. 
ERVUM HIRSUTUM. 
ERVUM LENS. 
Fa@NICULUM VULGARE. 
HIBISCUS ESCULENTUS. 
INDIGOFERA TINCTORIA. 
LAGENARIA VULGARIS. 
LATHYRUS SATIVUS. 
LINUM USITATISSIMUM. 
LUFFA ACUTANGULA. 


LUFFA PENTANDRA. 


Momorpbica CHARANTIA. 


Momorpbica MURICATA. 
NIGELLA SATIVA. 
PANICUM ITALICUM. 
PANICUM MILIACEUM. 
PAPAVER SOMNIFERUM. 
PENNISETUM SPICATUM. 
PHASEOLUS AUREUS. 
PHASEOLUS MAX. 
PHASEOLUS MUNGO. 
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Peanut. 
Malabar nightshade. 
Wax gourd. 
Dal. 

Knife bean. 
Knife bean. 
Bird pepper. 
Garbanzo. 
Watermelon. 
Jute. 
Coriander. 


Cucumber. 


Squash. 
Cumin. 
Madagascar bean. 


Madagascar bean. 
Madagascar bean. 


Cowpea. 
Cowpea. 

Ragi millet. 
Lentil. 

Lentil. 
Fennel. 

Okra. 

Indigo. 
Gourd. 

Bitter vetch. 
Flax. 
Dish-rag gourd. 
Gourd. 

Gourd. 

Gourd. 

Fennel fiower. 
Millet. 
Broom-corn millet. 
Poppy. 

Pearl millet. 
Bean. 

Bean. 


Green gram. 
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5394-5457—Continued. 
5438. PHASEOLUS PILOSUS. 
5439. PHASEOLUS ROXBURGHII. 
5440. PHYSALIS PERUVIANA. 
5441. PLANTAGO ISPAGHULA. 
5442. PryCHOTIS AJOWAN. 
5448. RapHaANUs SATIVUS. 
5444. SESAMUM INDICUM. ) 
5445. SINApPIS DICHOTOMA. 
5446. SoLANUM MELONGENA. 
5447. Stu#DA MARITIMA. 
5448. TrICHOSANTHUS ANGUINA. 
5449. TRIGONELLA CORNICULATA. 
5450. TRIGONELLA FQINUM-GRECUM. 
5451. Triticum vutcare. Distributed. 
5452. ZEA MAYS. 
5453. AMARANTHUS POLYGAMUS. 
5454. CROTALARIA JUNCEA. 
5455. PaNicuM COLONUM. 


5456. PHASEOLUS ACONITIFOLIUS. 


5457. CartTHamus TiIncTortius. Distributed. 


5458. SECALE CEREALE. 
From London, Ontario. Presented by Darch 
Thousandfold. 


5459. SECALE CEREALE. 
From London, Ontario. Presented by Darch 


Giant Winter. 


5460. ‘TRITICUM VULGARE. 
From London, Ontario. Presented by Darch 


Diamond Grit. 


5461. ‘TRITICUM VULGARE. 
From London, Ontario. Presented by Darch 


Canadian Pearl. 


5462. ‘TRITICUM VULGARE. 
From London, Ontario. Presented by Darch 


Paramount. 


5463. ‘TRITICUM VULGARE. 
From London, Ontario. Presented by Darch 


Gold Coin. 


& Hunter, 


«& Hunter, 


& Hunter, 


& Hunter, 


«& Hunter, 


«& Hunter, 


Bean. 


Bean. 


Ground cherry. 


August 


August 


August 


August 


August 


August 


Radish. 


Sesame. 


Egg plant. 


Fenugreek. 
Wheat. 
Corn. 


Sunn-hemp. 


Rye. 
31, 1900. 


Rye. 
31, 1900. 


Wheat. 
31, 1900. 


Wheat. 
31, 1900. 


Wheat. 
31, 1900. 


Wheat. 
31, 1900. 
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5464. TRITICUM VULGARE. Wheat. 
From Argentina. Received September 1, 1900. 


Chubut. This variety comes from the valley of the Chubut River, in southern 
Argentina. It is a semihard, red-grained wheat of v ery good quality. Itis probably 
the best wheat for bread flourin South America. It is ‘best known as a winter wheat, 
but will probably not stand our hard winters north of the thirty-fifth parallel. It 
should be sown about March 1. 


5465. ‘TRITICUM DURUM. Wheat. 
From Argentina. Received September 1, 1900. 


Candeal. This wheat is rather commonly grown in Chile and Argentina. It has 
long, compact, bearded heads, and yellow ish-w hite, hard grains. Tt will probably 
be resistant to drought and to orange-leaf rust. Adapted for growing in dry, hot dis- 
tricts, such as w est Texas and the drier portions of Colorado, Kansas, and Okla- 
homa. South of the thirty-fifth parallel it should be grown as a \vinter w vheat, sown 
October 15 to November 15. North of this line it will ‘probably not stand the winter 
and should be sown February 15 to March 1. 


5466. TRITICUM VULGARE. Wheat. 
From Argentina. Received September 1, 1900. 


Francés. This variety is a soft or semihard, reddish-grained wheat, originally 
introduced into Argentina from France. It is a bald variety of only fair milling 
quality and not at all hardy. It isadapted for trial in the Southern States. Should be 
sown in October. : It is one of the two chief varieties of all Argentina. 


5467. ‘TRITICUM VULGARE. Wheat. 
From Argentina. Received September 1, 1900. 


Barletta. A bearded winter variety. Chaff brown to black, smooth; beards 
very strong and ordinarily divergent; grain soft, red to amber; head rather loose and 
flattish; straw partially full. 


5468. ‘TRAPA BICORNIS. Horn chestnut. 


From China. Seed purchased in the Chinese market, San Francisco, Cal. 
Received September 1, 1900. 


5469. CaASssIA FISTULA. 


From Honolulu, H. I. Presented by Prof. Wm. C. Stubbs. Received Septem- 
ber 4, 1900. 


This tree can be grown in all tropical countries. 


5470. CITRUS LIMONUM. Lemon. 


From Honolulu, H. I. Presented by Prof. Wm. C. Stubbs. Received Septem- 
ber 4, 1900. 


5471. AVENA SATIVA. Oat. 


From Svalof, Sweden. Received through Messrs. Lathrop and Fairchild (No. 
453), March 11, 1901. 


Ligowo. “‘A pedigreed variety, selected by the Seed Breeding Institute of Svalof, 
which has been very well receiv ed in Sw eden, Russia, Germany, and Belgium. It 
possesses an unusually full, white kernel, making it especially adapted for the manu- 
facture of oatmeal. it is earlier and possesses a stronger straw than the varieties 
generally grown in Sweden. It is of remarkable unifor mity and a heavy yielder.”’ 
(Fairchild. ) Distributed. 
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5472. HorDEUM DISTICHUM ERECTUM. Barley. 


From Syalof, Sweden. Received through Messrs. Lathrop and Fairchild (No. 
450), Mareh 11, 1901. 


Princess. _“‘A pedigreed variety, originated on the Seed Breeding Society’s grounds 
and grown in quantity by the General Swedish Limited Seed Company of Svalof. It 
was selected from trial plots of the variety ‘Prentice’ ard is characterized by an espe- 
cially strong straw and an excellent quality of grain. It is remarkably well suited for 
heavy clay soils of a wet character. It deserves a thorough trial in all regions where 
the soil is heavy or wet and there is danger of the grain falling.”’ ( Fairchild. ) 


5473. HorpDEUM DISTICHUM NUTANS. Barley. 


From Svalof, Sweden. Received through Messrs. Lathrop and Fairchild (No. 
451), March 11, 1901. 


Chevalier II. ‘‘A pedigreed variety, selected by Dr. Nillsson from ‘Horsford 
Chevalier.’’’ (Fairchild. ) 


5474. HorDEUM DISTICHUM ERECTUM. Barley. 


From Svalof, Sweden. Received through Messrs. Lathrop and Fairchild (No. 
472), March 11, 1901. 


Svanshals. ‘“A very early ripening variety, pedigreed at the Seed Breeding Insti- 
tute of Svalof. It is suited to cold, wet, and even swampy land. Not comparable 
with No. 5472 or No. 5473 as a brewers’ Larley. Worthy of trial in a similar climate 
in America.”? (Fairchild. ) 


5475. VICIA SATIVA TYPICA. Sweet vetch. 


From Svalof, Sweden. Received through Messrs. Lathrop and Fairchild (No. 
454), March 11, 1901. 


Foradlade Sotvicker. ‘‘A pedigreed variety, bred by the Seed Breeding Society of 
Svalof, Sweden. The seeds of this vetch are much heavier than those of ordinary 
varieties and the yield of seed surer and larger. This variety has just come on the 
market and the supply is limited.’? (Fairchild. ) 


5476. VICIA SATIVA TYPICA. Gray vetch. 


From Svalof, Sweden. Received through Messrs. Lathrop and Fairchild (No. 
455), March 11, 1901. 


Foradlade Gravicker. ‘‘A pedigreed variety selected by the Seed Breeding Society 
of Sweden and characterized by much heavier seeds and very much larger yield of 
seed than the ordinary variety.’? (Fairchild. ) 


5477. (Blank.) 


5478. CASTILLOA ELASTICA. Rubber. 


From Heneratgoda, Ceylon. Presented by J. P. William & Bros. Received 
September 6, 1900. 


Cervantes. (See Nos. 5188 and 5377.) Distributed. 


5479. HEVEA BRASILIENSIS. Para rubber. 
From Heneratgoda, Ceylon. Presented by J. P. William & Bros. Received 
September 6, 1900. Distributed. 


5480. LittuM HARRISSII. Easter lily. 
From Bermuda. Received September 5, 1900. Distributed. 
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5481. VACCINIUM VITIS IDA. Cranberry. 


From Kiovikko, Finland. Received through Messrs. Lathrop and Fairchild 
(No. 438), September 10, 1900. 


‘*A wild cranberry from the moors of North Finland. This species, so far as I can 
learn, has neyer been cultivated in Sweden and Finland. It is, however, of con- 
siderable commercial importance and many carloads of the fruit are shipped yearly 
to Germany. The berries are one-fourth as large as those of V. macrocarpon, but 
Europeans claim they are more aromatic.”? (Fuirchild.) Distributed. 


5482. RuBUs CHAMZMORUS. Raspberry. 


From Kioyikko, above Uleaborg, Finland. Received through Messrs. Lathrop 
and Fairchild (No. 440), September 10, 1900. 


‘“‘An orange-fruited Arctic raspberry, the English name of which is unknown to 
me. In Finland the fruits of this species are dried and kept for months. They have 
a peculiar acid taste, highly appreciated. Never cultivated in Finland. A true 
moor plant, suitable only for Alaskan moors.’’ (Fuirchild.) Distributed. 


5483. RUBUS ARCTICUS. Arctic raspberry. 


From Uleaborg, Finland. Received through Messrs. Lathrop and Fairchild 
(No. 439), September 10, 1900. 


‘‘A wild arctic and subarctic plant which is very abundant on the moors. It is 
nowhere cultivated and may be very difficult to grow from seed. The only region 
where it might succeed is Alaska, where, presumably, the same species occurs. The 
fragrance of these Finnish berries is something delicious, and in Sweden and Fin- 
land exceptionally fine jam is made from them.’’ (Fuirchild.) Distributed. 


5484. LUuPpINUS ALBUS. White lupine. 
From France. Received September 14, 1900. 


The white lupine is an excellent green-manure crop and winter soil cover. The 
seed should be sown by October 1, in time for the early rains and while the ground 
is yet warm. The crop should be plowed under when the lupines are in blossom.”’ 
(Hilgard. ) 


5485. RuBus ARCTICUS. Arctic raspberry. 


From Abo, Finland. Received through Messrs. Lathrop and Fairchild (No. 
424), September 12, 1900. 


‘“‘A wild species growing in the swamps of northern Finland especially. The fruit 
is orange yellow, with a red blush, and has a refreshing flavor. This plant is not 
cultivated in Finland, but is highly prized for preserves. Should be sown in moss 
or very moist soil.”? (Fairchild.) (See No. 5483.) Distributed. 


5486. TrRITICUM VULGARE. Wheat. 


From Ithaca, N. Y. Presented by Prof. I. P. Roberts, Director of the Cornell 
Experiment Station. Received September 12, 1900. 


Dawson's Golden Chaff. ‘* Under very unfavorable conditions and a winter so 
severe that there was almost an entire failure of wheat on the surrounding farms, 
this wheat yielded 41 bushels per acre.”’ (Roberts. ) 


5487. ALLIUM CEPA. Onion. 


From Woodhaven, N. Y. Presented by Mr. H. Beaulieu, seedsman and florist, 
September 6, 1900. 


‘*A white onion, hardy in New York, which will stand the coldest weather with- 
out protection. Sow from August 15 to September 15. Comes about three weeks 
earlier than the sets and does not go to seed the first year. Similar in color and 
shape to the White Portugal, but much earlier.’’ (Beaulieu. ) 
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5488. CYPHOMANDRA BETACEA. Tree tomato. 
From Ceylon. Received through Messrs. Lathrop and Fairchild, September 19, 
1900. ; 


“This species has been introduced into Ceylon very extensively from ‘the West 
Indies and has proven a great success. It is used by many European families and is 
a very palatable fruit.”’ (Fairchild.) (See Nos. 5112, 5115, 5116, 5191, 5419, and 
5220. ) 


5489. CaRICA PAPAYA / y Papaw. 


From Ceylon. Received through Messrs. Lathrop and Fairchild. 
a 5 


‘A very interesting species which I was not able to determine, but which is culti- 
vated quite extensively in the mountain regions of Ceylon, which are subject to 
occasional frosts. The plants are, therefore, hardier than the ordinary Carica papaya 
and should be widely distributed in Florida. The fruits of this species are much 
smaller than the ordinary Carica, but are very much relished by the natives and are 
often eaten by Europeans. They have a refreshing acid flavor quite different from 
that of the ordinary species. For papayin extraction this species may prove valu- 
able.’ (Fairchild.) Distributed. 


5490. LInUM USITATISSIMUM. Flax. 


From Paris, France. Received through Messrs. Lathrop and Fairchild, Sep- 
tember 19, 1900. 


Specimen furnished by the Stockholm Ecouomic Museum. Reported to be seed 
grown in Sweden, and therefore may prove hardier than varieties grown farther 
south.’ (Fairchild. ) ; 


5491. Rosa CANINA. Wild rose. 


From Sweden. Received through Messrs. Lathrop and Fairchild, September 
19, 1900. (See No. 880, Inventory No. 1.) Distributed. 


5492. TRITICUM DURUM. Wheat. 
From France. Received October 12, 1906. 


Medeah. This wheat is from stock selected and grown by Vilmorin-Andrieux & 
Cie., of Paris. It is suitable for fall planting in the South or spring planting in the 
North. It is heavily bearded, with a smooth, brown chaff, small but rather strong, 
solid straw, and very hard, light-amber colored grain. It is one of the best-known 
varieties of the hard French wheats, and, although not especially valuable for bread 
making. x a heavy yielder, and is particularly adapted for macaroni manufacture. 
Distributed. 


5493. ‘TRITICUM VULGARE. Wheat. 
From Collegepark, Md. Received September 21, 1900. 


Fultz. A winter wheat grown at the Maryland Agricultural College. 


5494. CucuMIs. 


From Tiger Mill, Tex. Received September 25, 1900. Presented by Mr. H. T. 
Fuchs. 


Genuine Field Pomegranate. ‘Very tine eating, either raw or cooked.’’ (Fuchs. ) 


5495. CITRULLUS VULGARIS. Watermelon. 
From Tiger Mill, Tex. Received September 25, 1900. Presented by Mr. H. T. 
Fuchs. 


Best of All. Distributed. 
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5496. TRITICUM VULGARE. 


From Budapest, Austria-Hungary. 


Banat. 


5497. TRITICUM VULGARE. 


From Budapest, Austria-Hungary. 


Theiss. 


5498. ‘TRITICUM VULGARE. 


From Budapest, Austria-Hungary. 


Baceska. 


5499. ‘TRITICUM VULGARE. 


From Budapest, Austria-Hungary. 


Weissenburg. 


5500. TRITICUM VULGARE. 


From Budapest, Austria-Hungary. 


Pesterboden. 


Received September 27, 1900. 


Received September 27, 1900. 


Received September 27, 1900. 


Received September 27, 1900. 


Received September 27, 1900. 


Wheat. 


Wheat. 


Wheat. 


Wheat. 


J ~ 


INDEX OF COMMON AND SCIENTIFIC NAMES. 


Abies brachyphylla, 5003. 
firma, 5004. 
veichii, 5005. 
Abrus preeatorius, 4523. 
Acacia, 4502, 4939, 5212. 
cibaria, 5385. 
farnesiana, 5203. 
filiculoides, 4468. 
longifolia, 4540. 
Achras sapota, 5201. 
Actinotus helianthus, 5177. 
leucocephalus, 4916. 
Eschynomum ecannabina, 5394. 
Agaricus campestris, 5067. 
Agave virginica, 4584. ‘ 
Agrimonia parviflora, 4756. 
Agropyron tenerum, 4773. 
Ahipa, 4378, 5040. 
Albizzia procera, 5196. 
Alfalfa, 4394, 4395, 4629. 
Algaroba, 4372, 5142. 
Allium, 4901. 
cepa, 4487-4490, 5487. 
porrum. 4977-4979. 
Alnus rugosa, 4770. 
Amaranth, 5395. 
Amaranthus pol Ygamus, 5395, 5453. 
Amorpha fruticosa, 4552. 
Anacardium occidentale, 5202. 
Anaphalis margaritacea, 4547. 
Andropogon nutans, 4778. 
provincialis,4801. 
sorghum, 4405, 4621, 4809, 4810, 4905, 
5159. 
Anethum sativa, 5396. 
Anona cherimolia, 4638. 
reticulata, 5210. 
Antigonon leptopus, 4503. 
Antirrhinum speciosum, 4826. 
Apium grayeolens, 4889. 
Apocynum album, 4790. | 
| 
| 


Arachis hypogeea, 5357-5369, 5397. 
Arbol de fuego, 4511. 
Arctium lappa, 4759. 
Arctostaphylos bicolor. 4833. 
diversifolia, 4839, 
Areca catechu, 5194. 
Artabotrys odoratissimus, 5214. 
Asclepias subulata, 4464. 
Ash, 4814. 
Asparagus horridus, 5218. 
Assam rubber, 4399. 
Astragalus crassicarpa, 5379. 
faleatus, 5034. 
Astrebla pectinata, 5371. 
triticoides, 5570. 
Atriplex angulata, 5367. 
canescens, 4432. 
halimoides, 5083, 5365. 
lentiformis, 4437. 
leptocarpa, 5366, 5369. 
nummularia, 5082, 5364. 
vesicaria, 5368. 


Australina, 4937. 
muelleri, 4924. 

Avena fatua glabrescens, 4866, 4876. 

sativa, 4391, 4406, 4407, 4892, 5032. 5059, 5139, 

5140, 5168, 5182, 5471, 

Ayal, 4520. 
Balata, 4388. 
Bamboo, 5845, 5346. : 
Bambusa, 5345, 5346. | 


Banana, 5062, 5169. 
Banksia, 4936. 
grandis, 4944. 
Baptisia australis, 4784. 
Barley, 4572, 4888, 5184, 5472-5474. 
Basella alba, 5398. 
rubra, 5187. 
Bean, 4351-4354, 4380, 4453, 4627, 4858, 4884, 4966, 4984 
4985, 5066, 5069, 5070, 5435, 5436, 5438. 5439, 
Bearded mesquite, 5125. 
Bebbia juncea, 4515. 
Beet, 4402, 4416, 4975. 
Benincasa cerifera, 4999, 5399. 
Benzoin benzoin, 4783. 
Berchemia scandens, 4589. 
Bermuda grass, 4414. 
Beta vulgaris, 4361-4364, 4402, 4416, 4860, 4975, 5037, 
5038. 


, 


Betel nut, 5194. 


Bird pepper, 5106, 5403. 
Bittersweet, 4820. 


| Bitter vetch, 5424. 


Blazing-star, 4554. 
Bluebush, 5392. 
Blue grama, 5060. 

grass, 5084. 
Boehmeria nivea, 4371. 
Bouteloua curtipendula, 4824. 

oligostachya, 5060. 

Brachychiton acerifolia, 4607. 
Brahea guadalupensis, 4609. 


| Brassica, 4862, 4874, 4881, 4885, 4887, 4896. 


juncea, 5117. 
napus, 4968. 
oleracea botrytis, 4855-4359, 4482, 4483. 


| Broad bean, 4351-4354, 
| Broccoli, 4355-4359, 4482, 4483. 


Brome grass, 4417-4420. 
Bromus inermis, 4417-4420. 
porteri, 4455. 
unioloides, 5080. 
Tupestris, 5348. 
vulgaris eximius, 4545. 


| Broom corn, 5159. 


millet, 4571, 5057, 5432. 
Buckwheat, 4880a. 
Buffalo grass, 4825. 
Bulbilis dactyloides, 4825. 
Bull banksia, 4944. 
Bumelia lycioides, 4587. 
Bur oak, 4823, 
Bursera microphylla, 4504, 4519. 
Butneria, 4894. ; 
Buttonbush, 4549. 
Cactus, 4570. 
Cesalpinia gracilis, 4471. 
pulcherrima, 5193. 
Cajanus indicus, 5400. 
Cajuput, 5065, 
Calabash, 4893. 
Callistemon, 4938. 
Calophanes peninsularis, 4508. 
Calophyllum inophyllum, 5195. 
Canaigre, 4456, 5126. 
Jananga odorata, 5204. 
Canavalia ensiformis, 4864, 4904, 4970, 5069, 
gladiata, 5401. 
virosa, 5402. 
Cannabis sativa, 4639, 5021. 
Caprifig, 5109, 5118, 5123. 


| Capriola dactylon, 4414. 


Capsicum, 4528. 


~I 


or 
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Capsicum annuum, 4526, 4527, 

5085-5105, 5154. 

frutescens, 5403. 
bacecatum, 4529, 5106. 

Caragana frutescens, 5128. 
grandiflora, 5138. 
Carica papaya, 5112, 5115, 5116, 5191, 
5489. 

Carob, 43872. 

Carpinus yedoensis, 5006. 

Carrot, 4988. 

Carthamus tinctorius, 4522, 5457. 

Caryota urens, 5208. 

Cashew nut, 5202. 

Cassia fistula, 5469. 
nictitans, 4791. 

Cassie, 5203. 

Castilloa elastica, 5188, 5377, 5478. 

Ceanothus arboreus, 4838. 

Ceara rubber, 5028. 

Ceiba, 5197. 

Celastrus scandens, 4608, 4820. 

Celery, 4889, 4898. 

Celosia, 4873, 4891. 

Celtis, 4555, 4556, 4903. 
bungeana, 5007. 

Centaurea odorata, 4632. 

Cephalanthus occidentalis, 4549. 

Ceratonia siliqua, 4372. 

Cercis canadensis, 4559, 4560. 

Cereocarpus traskize, 4830. 

Cereus chalibzeus, 5350. 
pecten-aboriginum, 4473, 4505, 4818. 
pringlei, 4817. 
schottii, 4539. 
thurberi, 4472. 

Cheetochloa, 5375. 

italiea, 4869. 

Chameenerion angustifolium, 4546. 

Chapman’s honey plant, 4601. 

Chard, 4361-4364, 4860. 

Cherimoya, 4638. 

Cherry, 4909, 5056. 

Chia, 4534. 

Chicory, 4360. 

Chinese date, 4541. 

mustard, 5117, 
quince, 5376. 
Christmas bush, 4918. 
Chrysanthemum, 4898. 
coronarium, 4986. 

Cicer arietinum, 5404. 

Cichorium intybus, 4360. 

Cinnamomum, 5190. 

Ciruela, 5206. 

Cissus stans, 4588. 

Citron, 4865, 5120. 

Citrullus, 4865. 

vulgaris, 4899, 4965, 5120, 5186, 5405, 5495. 

Citrus decumana, 5216. 

limonum, 5124, 5470. 
Clematis, 4922. 
alpina, 5133. 
ochroleuca, 4754. 

Clianthus dampieri, 5384. 

Clover, 4408, 4844-4854, 5044-5047, 5068, 5174, 

Cobeea, 4637. 
scandens, 4637. 

Cocozella, 4366. 

Cola acuminata, 5217. 

Colorado grass, 4386. 

Confederate grass, 5053. 

Coral creeper, 4927. 

tree, 4636. 

Corchorus olitorius, 5406. 

Coriander, 5407. 

Coriandrum sativum, 5407. 

Corn, 4387,'4390, 43893, 4408, 4568, 4569, 4879, 5055, 5452. 

Cornel, 5008. 

Cornus kousa, 5008. 

Cotton, 4474, 4626, 5175, 5199. 
tree, 5197. 

Coutarea latifolia, 4467. 

Covillea divaricata, 4423 

Cowpea, 4377, 4879, 4381, 

5416. 
Cranberry, 5481. 
Crateegus, 4459. 
eollina, 4592. 


5388. 


4382, 5042, 6118, 5222, 5415, 


5219, 5220, | 


Diospyros, 4516. 


SEEDS AND PLANTS IMPORTED. 


530, 4531, 4863, 5064, | Crategus crus-galli, 4760. 


cuneata, 4890. 
mexicana, 4624, 4625. 
mollis, 4597. 
populifolia, 4590. 
rotundifolia, 4591. 
saccharina, 4593. 
viridis, 4585. 
Crescentia alata, 4520, 4841. 
Crossosoma californicum, 4831. 
Crotolaria juncea, 5454. 
Cryptomeria japonica, 5009, 5344. 
Cryptotenia canadensis, 4967. 
Cucumber, 4868, 4989-4992, 5030, 5408. 
African horned, 5179. 


Cucumis, 5494, 


melo, 43889, 4440, 4993, 5127, 5180. 


metuliferus, 5179. 


sativus, 4868, 4989-4992, 5030, 5408. 


utilissimus, 5409, 
Cucurbita, 4859. 
longa, 4976. 
maxima, 5001, 5002, 5363. 


pepo, 4365, 4366, 4565, 5073, 5119, 5410. 


Cumin, 5411. 
Cuminum cyminum, 5411. 
Custard apple, 5210. 
Cydonia sinensis, 5376. 
Cyperus ovularis, 4793. 
Cyphomandra betacea, 5488. 
Dahlia, 4475, 4476. 
variabilis, 4475, 4476, 
Dakota vetch, 4600. 
Dal, 5400. 
Date, 4610-4620, 4811-4813, 5224-5341. 
Chinese, 4541. 
Daucus carota, 4988. 
Deciduous holly, 4594. 
Desert pea, 5384. 
texensis, 5143. i 
virginiana, 4622. 
Dipsacus sylvestris, 4805. 
Diplachne fusea, 5373. 
Dish-rag gourd, 5426. 
Dodecatheon meadii, 4579. 
Dolichos, 5070. 
atropurpureus, 4383. 
lablab, 4380, 5412-5414. 
sempervirens, 4384. 
umbellatus, 4973, 4974. 
Dusty miller, 4632. 
Dwarf guava, 4910. 
Easter lily, 5480. 
Ebony, Texas, 5143. 
Echinacea angustifolia, 4580. 
purpurea, 4583. 
Echinocactus. 4480, 4514. . 
Echinops spheerocephalus, 4601. 
Edgeworthia gardneria, 5010. 
Edible chrysanthemum, 4986. 
Egg plant, 4994, 4995, 5446, 
Egyptian cotton, 5175. 


| Einkorn, 5035, 5036. 


Eleagnus umbellafus, 5011. 
Elephantopus, 4775. 
Eleusine coracana, 5417. 
Enchylena tomentosa, 5374. 
Eragrostis pilosa, 5372. 
Erechtites hieracifolia, 4781. 
Eriobotrya japonica, 4566. 4567, 5347. 
Eriogonum giganteum, 4832. 
Eriophyllum nevenii, 4835. 
Erodium eygnorum, 5389. 
Ervum hirsutum, 5418. 
lens, 5419. 
Erythrina, 4636. 
Kugenia uniflora, 5056. 
Euonymus americanus, 4774. 
atropurpureus, 4755. 
Eupatorium perfoliatum, 4803. 
Everlasting, 4547, 4925, 
Fagopyrum esculentum, 4880a. 
False indigo, 4552. 
Fennel, 4367-4870, 4484, 4485, 5396, 5420 
flower, 5430. 
Fenugreek, 5450. 
Ficus carica, 4752, 5109, 5113, 5123. 
elastica, 4399, 4630. 
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Ficus fasciculata, 4512. 
religiosa, 4400. 
Field pomegranate, 5494. 
Fig, 4752. 
of Scripture, 4400. 
Fir, 5003-5005. 
Fireweed, 4546. 
Fish-tail palm, 5208. 
Flame tree, 4607. 
Flannel flower, 4916, 4926, 4932, 5177. 
Flax, 5360, 5361, 5425, 5490. 
Flowering almond, 4894. 
Foeeniculum dulce, 4367-4370, 4484, 4485. 
vulgare, 5420. 
Fouquieria, 4470, 4500. 
splendens, 4451. 
Fragaria vesca, 4908, 5043. 
Fraxinus velutina, 4814. 
Gallinito, 4507. 
Garbanzo, 5404. 
Garlic, 4901. 
Gastrolobium calycinum, 4919. 
Gaura biennis, 4807. 
Gaultheria shallon, 4457. 
Gemminga chinensis, 4799. 
Geranium, 5389. 
Gilia aggregata, 4454. 
Gleditsia, 4562-4564, 4596. 
Glycine hispida, 4628, 4912-4914, 4980, 5039. 
Gossypium, 5199. 
barbadense, 4474, 4626, 5175. 
sturtii, 5390. 


Gourd, 4409-4413, 4492-4498, 4867, 4895, 5000, 5121, 


5122, 5221, 5423, 5426-5429. 
Grama, 5060, 5061. 
Grape, 4640-4749, 5170, 5171. 
Greasewood, 4423. 
Green gram, 5071, 5072, 5437. 
Ground cherry, 5440. 
plum, 5379. 
Guaiacum officinale, 5173. 
Guaymochil, 4521, 4533. 
Guayparin, 4516. 
Gymnocladus canadensis, 4574, 4575. 
Hackberry, 4555, 4556, 4903, 5007. 
Hematoxylon boreale, 4509. 
Haloxylon ammodendron, 5152, 5153. 
Hardenbergia, 4935. 
Haw, 4624, 4625. 
Hawthorn, 4890. 
Helenium autumnale, 4797. 
Helianthus annuus, 4872. 
Helichrysum bracteatum, 4925. 
Heliotrope, 4477. 
Heliotropium incanum, 4477. 
Helipterum polygalifolium, 5391. 
Hemp, 4639, 5021. 
Heteromeles arbutifolia, 4828. 
Hevea brasiliensis, 5479. 
confusa, 5382. 
paucifilora, 5381. 
Hibiscus, 4929. 
esculentus, 5421. 
sabdariffa, 5151. 
Hicoria pecan, 5149. 
Hira septentrionalis, 4507. 
Holacantha emoryi, 4434. 
Honey locust, 4562-4564. 
Hop, 4544, 4553, 5107, 5108. 
Hordeum distichum erectum, 5472, 5474. 
nutans, 4572, 5473. 
vulgare, 4888, 5184. 
Hornbeam, 5006. 
Horn chestnut, 5468. 
Horse bean, 5147, 5148. 
Hovea, 4942. 
Hovenia dulcis, 4373. 
Humulus lupulus, 4544, 4553, 5107, 5108. 
Tlang-ilang, 5204, 5214. 
Tlex decidua, 4594. 
Illcium anisatum, 5012. 
India rubber, 4630. 
Indigo, 5422. 
Indigofera tinctoria, 5422. 
Ipomcea, 4861. 
bona-nox, 4882. 
collata, 4480. 
leari, 4481. 
Isopogon, 5176. 


AND 


rate 
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Isopogon dawsoni, 517¢ 

Japan clover, 5068. 

Jojoba, 4532. 

Juglans sieboldiana, 5013. 

Juniper, 5014. 

Juniperus rigida, 5014. 

Jute, 5406. 

Kafir corn, 4621, 4809, 4810. 

Kangaroo paw, 4924. 

Karwinskia parviflora, 4816. 

Kentucky blue grass, 5084. 

Kentucky coffee tree, 4574, 4575. 

Kingia australis, 4915. 

Knife bean, 4864, 4904, 4970, 5069, 5401, 5402. 

Kochia sedifolia, 5392. 

Kola nut, 5217. 

Lactuca acuminata, 5378. 

sativa, 4486, 4886. 
Lagenaria, 4893. 
vulgaris, 4409-4413, 4492-4498, 5000, 5423. 
Landolphia hendelotii, 4397. 
kirki, 5023. 
kleinii, 4398. 

Lappa major, 4981-4983. 

Large gourd, 5000. 

Large water grass, 5081. 

Lathyrus sativus, 5424. 

Lavatera assurgentifolia, 4837. 

plebeia, 5387. 

Lechea racemulosa, 4792. 

Leek, 4977-4979. 

Lemon, 5124, 5470. 

Lens esculenta, 5178. 

Lentil, 5178, 5418, 5419. 

Leonurus cardiaca, 4763. 

Leptosyne gigantea, 4829. 

Leschenaultia, 4917. 

Lespedeza striata, 5068. 

Lettuce, 4486, 4886, 5378. 

Liatris punctata, 4554. 

Lignum-vite, 5173. 

Lilium harrissii, 5480. 

Linum grandiflorum, 4445. 

usitatissimum, 5425, 5490. 

Lobelia inflata, 4769. 

“*Lo han qua,”’ 4548. 

Lolium brasilianum, 5349. 

Lonicera alberti, 5135. 

cerulea dependens, 5136. 
chrysantha, 5132. 

Lophophora, 4604-4606, 4821. 

Loquat, 4566, 4567, 5347. 

Loranthus, 4513. 

Lotus sericeus, 4443, 4600. 

Love grass, 5372. 

Luffa acutangula, 5122, 5221, 5426. 
eegyptiaca, 4895, 4987. 
pentandra, 5427. 

Lupine, 4444, 4446, 4499, 4827, 5484. 

Lupinus, 4827. 

albus, 5484. 
arboreus, 4444, 4499. 
densiflorus, 4446. 

Lycopersicum esculentum, 4491. 

Lycurus phleoides, 5061. 

Macaroni wheat, 5351-5355. 


| Madagascar bean, 4380, 5412-5414. 


Magnolia acuminata, 4761. 

tripetala, 4771. 
Malabar nightshade, 5187, 5°°+. 
Mallow, 4877. 
Malva, 4877. 
Mammillaria grahami, 4458, 4002, 4603. 
Mangifera indica, 5063. 
Mango, 5063. 
Mangold, 5037, 5038. 
Manihot glaziovii, 5028. 
Marguerite, 4941. 
Marshmallow, 5387. 
Martynia fragrans, 4462. 
Martynia proboscidea, 4525. 
Mealy saltbush, 5083. 
Medicago lupulina, 4441. 
Medicago sativa, 4394, 4395, 4629. 
Melaleuca leucodendron, 5065. 
Mentha piperita, 5144. 
Mesquite, 4424, 4425, 4435, 4436, 5125. 
Millet, 4671, 4869, 5057, 5431. 

ragi, 5417. 
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Mimosa, 5200. 
Mimusops balata, 4388. 
elengi, 5029. 
Mirabilis, 5192. 
Mitchell grass, 5370, 5371. 
Momordica, 4867. 
charantia, 5121, 5223, 5428, 
muricata, 5429, 
Monarda punctata, 4780. 
Moon-flower, 4882. 
Mucuna utilis, 5066, 
Mulga, 5385. 
Musa, 5062. 
abyssinica, 5169. 
Mushroom, 5067. 
Muskmelon, 4389, 4440, 4993, 5127, 5180. 
Mustard, 4881, 4887. 
Myriocephalus stuartii, 4921. 
Myrobalan, 5160. 
Neillia amurensis, 5131. 
New Zealand flax, 5860, 5361. 
spinach, 4972. 
Nicotiana, 4963. 
glauca, 4518. 
tabacum, 4374-4376, 4421, 4422, 4623, 
4635, 4906, 4907, 5083, 5041, 5114, 5393. 
Nigella sativa, 5430. 
Nissolia schottii, 4466. 
Nopalia cochinellifera, 5026. 
Nyssa aquatica, 4782. 
Oak, 5015, 5157. 
Oat, 4391, 4406, 4407, 4866, 4876, 4892, 5032, 5059, 5139, 
5140, 5168, 5182, 5471. 
Ocatillo, 4451, 4470, 4500. 
Okra, 5421. 
Olea europeea, 5110, 5111. 
Olive, 5110, 5111. 
Olneya tesota, 4537. 
Onion, 4487-4490, 5487. 
Onosmodium caroliniana, 4779. 
Opuntia ficus-indica inermis, 4570. 
pubescens, 5025. 
Oryza sativa, 4878, 4880, 5161-5166, 5362. 
Pachyrhizos tuberosus, 4378, 5040. 
Palo verde, 4433, 4506. 
Panicum bulbosum, 4822. 
eolonum, 5455. 
elongatum, 4762. 
italicum, 5431. 
miliaceum, 4571, 5057, 5432. 
texanum, 4386. 
virgatum, 4550. 
Papaver somniferum, 5183, 5433. 
Parkinsonia, 4469, 4506. 
aculeata, 4465, 4517. 
torreyana, 4483. 
Paspalum dilatum, 5081. 
Paulownia, 4900. 
imperialis, 4900. 
Papaw, 5112, 5115, 6116, 5191, 5219, 5220, 5489. 
Payena leerii, 5027. 
Peanut, 5357-5359, 5397. 
Pearl millet, 4964, 5434. 
Pecan, 5149. 
Pennisetum spicatum, 4964, 5434. 
Pentstemon levigatus, 4796, 
Pepper, 5167. 
Peppermint, 5144. 
Pepper tree, 4448. 
Perilla arguta, 4971. 
Perityle leptoglossa, 4461. 
Persea pumila, 4753. 
Persimmon, 4622. 
Petsai, 4874, 4896. 
Phaseolus aconitifolius, 5456. 
aureus, 5435, 
earacalla, 4385. 
max, 5436. 
mungo, 5071, 5072, 5437. 
vulgaris, 4453, 4627, 4858, 4884, 4966, 4984, 
4985, 
pilosus, 5438. 
roxburghii, 5439. 
Phleum pratense, 4396. 


Phoenix dactylifera, 4610-4620, 4511-4813, 5224- 


5341, 
Phoradendron juniperinum, 4815. 
Phormium tenax egmontiana, 5360. 


<= 
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Phormium cookianus, 5361. 
Physalis, 4947-4962. 
alkengi, 4951. 
fendleri, 4954. 
peruviana, 5440. - 
violacea, 5383. 
Phytolacea decandra, 4804. 
Pine, 4415, 5181. 
Seottish, 5141. 
Pifion, 4536. 
Pinus, 4415, 5181. 
edulis? 4536. 
silvestris, 5141. 
Piper nigrum, 5167. 
Pistacia terebinthus, 4750. 
Pitahaya, 4472. 
Pithecolobium dulce, 4521, 4533. 
saman, 4401. 
sonore, 4510. 
Plane tree, 4557, 4578. 


| Plantago ispaghula, 5441. 


Platanus occidentalis, 4557, 4573. 
racemosa, 4452. 
Poa compressa, 4802. 
pratensis, 5084. 
violacea, 5052. 
Poinciana regia, 4511, 5207, 5215. 
Polycalymnia sturtii, 5386. 
Polygala butyracea, 5074. 
Polygonum dumetorum scandens, 4551, 4776. 
punctatum, 4794. 
sagittatum, 4768. 
Polymnia uvedalia, 4766. 
Pomegranate, 4911. 
Pomelo, 5216. 
Poppy, 5183, 5433. 
Prosopis, 4424, 4425, 4435, 4436, 5142. 
Prunella vulgaris, 4786. 
Prunus, 4909. 
Psidium cattleyanum, 4910. 
Pteeroxylon utile, 5172. 
Ptychotis ajowan, 5442. 
Pumpkin, 5001, 5002, 5363. 
Punica granatum, 4911. 
Pyrus baccata, 4634. 
Quercus acuta, 5015. 
cornea, 5157. 
emoryi, 4524. 
macdonaldi, 4836. 
macrocarpa, 4823. 
tomentella, 4834, 
Radish, 4870, 4875, 4996-4998, 5356, 5443. 
Ragi millet, 5417. 
Rain tree, 4401. 
Raisin tree, 4373. 
Ramie, 4371. 
Randia thurberi, 4501. 
Raphanus sativus, 4870, 4875, 4996-4998, 5356, 5443. 
Raspberry, 5129, 5134, 5482, 5483, 5485. 
Red bud, 4559, 4560. 
clover, 4844-4854, 5044-5047. 
pepper, 4526-4531, 4863, 5064, 5085-5105, 5154. 
Rescue grass, 5080, 5348. 


| Rhamnus lanceolatus, 4581. 


Rhus aromatica, 4582. 
glabra, 4558, 4561. 
_ suecedanea, 5016. 
Ribes divaricatum? 4543. 
viburnifolia, 4840. 
Rice, 4878, 4880, 5161-5166, 5362. 
Robinia neo-mexicana, 4450. 
Rosa canina, 5491. 
humilis, 4795. 
rugosa, 5130. 
alba, 5137. 
Roselle, 5151. 
Round-leaved saltbush, 5082. 
Royal poinciana, 5207, 5215. 
Raper 4399, 4630, 5028, 5188, 5377, 5381, 5382, 5478, 
5479. 
Rubus, 4819. 
arcticus, 5134, 5488, 5485. 
chameemorus, 5482. 
xanthocarpus, 5129. 
Rumex hymenosepalus, 4456, 5126. 
Rye, 5031, 5058, 5185, 5458, 5459. 
Rye grass, 5349. : 
Sacaton grass, 4577. 
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Safflower, 4522. Thea viridis, 5017, 5022. 
Saint John’s bread, 4372, 5142. Timothy, 4396. 
Salsola soda, 4969. grama, 5061. 
Saltbush, 5082, 5083, 5364-5369, 5374. Tobacco, 4374-4376, 4421, 4422, 4623, 4906, 4907, 4963, 
Salvia columbarie, 4534. 5033, 5041, 5114, 5393. 
Sandal-tree, 5205. Tomato, 4491, 
Sandoricum indicum, 5205. tree, 5488. 
Sapindus acuminatus, 4578. Tongan bean, 5070. 
Sapium sebiferum, 4871. Torenia fournieri, 4478, 4479. 
Sapodillo, 5201. ‘ Torreya nucifera, 5018. 
Saponaria officinalis, 4758. Torrete blanco, 4504. 
Saururus cernuus, 47 72. Trapa bicornis, 5468. 
Scarlet bottle-bush, 4938. Tree tomato, 5488. 
grevillea, 4943. Trichostema lanceolatum, 4442. 
Scented clover, 5388. Tricosanthus anguina, 5448. 
Schinus molle, 4448. Trifolium alpinum, 4408. 
Schrankia uncinata, 4576. johnsoni, 5174. 
Scirpus tuberosa, 5158. pratense, 4484-4854, 5044-5047. 
Scottish pine, 5141. Trigonella corniculata, 5449. 
Scuppernong grape, 5170. foenum-grecum, 5450. 
Sea-island cotton, 4474. suavissima, 5388. 
Secale cereale, 5031, 5058, 5185, 5458, 5459. Triticum compactum, 4392. 
Sensitive briar, 4576. durum, 5351-5355, 5380, 5465, 5492. 
Sesame, 4856, 4857, 5444. monococcum, 5035, 5036. 
Sesamum indicum, 4856, 4857, 5444. vulgare, 4404, 4631, 4633, 4855, 4902, 5048- 
Sesbania grandiflora, 5209. 5051, 5054, 507. 5-5079, 5145, 5150, 5342, 
macrocarpa, 4431. 5343, 5451, 5460-5464, 5466, 5467, 5486, 
Siberian crab apple, 4634. 5493, 5496-5500. 
pea tree, 5128. Truffle, 4751. 
Siuphium trifoliatum, 4777. Tuber melanosperma, 4751. 
Simmondsia californica, 4532. Turnip, 4968. 
Sinapis dichotama, 5445. Urceola esculenta, 5024. 
Smilax herbacea, 4764. Vaccinium stamineum, 4787. 
hispida, 4598, Vitis idea, 5481. 
rotundifolia, 4586, 4767. Vagnera racemosa, 4765. 
Smooth brome grass, 4417-4420, Vagote, 4465, 4517, 
Sneezewood, 5172. Vallesia glabra, 4460. 
Snowberry, 4542. Vegetable marrow, 4365, 4366, 4565, 5073. 
Solanum, 5155, 5156. Verbesina alternifolia, 4806, 
melongena, 4994, 4995, 5446. occidentale, 4788. 
Solidago serotina, 4800. ; Vegetable sponge, 4987. 
Sorghum, 4405, 4905. Velvet bean, 5066. 
Soy bean, 4628, 4912-4914, 4980, 5039. Vernonia, 4808. 
Spelt, 5035, 5036. Vetch, 4600, 5146, 5424, 5475-5477 
Spinacea oleracea, 4897. Viburnum dentatum, 4757. 
Spinach, 4897, 4972. rufotomentosum, 4595. 
Spineless cactus, 4570. Vicia cracea, 5146. 
Spondias dulcis, 5206. faba, 43514354, 5147, 5148. 
Sporobolus airoides, 4577. sativa typica, 5475, 5476. 
Squash, 5119, 5410. Vigna catjang, 4377, 4379, 4381, 4382, 5042, 5118, 5222, 
Staphylea trifolia, 4789. 5415, 5416. 
Stegnosperma halimifolia, 4463. Visnaga, 4430. 
Sterculia helicteres, 5211. Vitis arizonica, 4426. 
platanifolia, 4883. californica, 4449. 
Stipa leucotricha, 5125. rotundifolia, 5170, 5171. 
Strawberry, 4908, 5043. vinifera, 4640-4749. 
Sueda maritima, 5447. Waitzia aurea, 4920. 
Sugar beet, 4402, 4416. Walnut, 5013. 
corn, 4403. Water chestnut, 5158. 
Sumac, 4561. Water grass, large, 5081. 
Sumatra tobacco, 4421. Watermelon, 4899, 4965, 5186, 5405, 5495. 
Sunflower, 4872. Wattle, 4939. 
Sunn-hemp, 5454. Wax berry, 4871. 
Surinam cherry, 5056. gourd, 4999, 5399. 
Swamp grass, 5373. Wheat, 4392, 4404, 4631, 4633, 4855, 4902, 5048-5051, 
Sweet corn, 4403. | 5054, 5075-5079, 5145, 5150, 5342, 5343, 5351-5355, 
fennel, 4367-4370, 4484, 4485. 5380, 5451, 5460-5467, 5486, 5492, 5493, 5496-5500. 
Symphoricarpos racemosus, "4549. White clematis, 4922. 
vulgaris, 4599. Wild oat, 4866, 4876. 
Tabernemontana pandacaqui, 5213. rose, 5491. 
Tallow tree, 5016. Winter muskmelon, 4389. 
Tamarind, 4538. Xanthoxylon piperitum, 5019. 
Tamarindus indica, 4538. Xolisma ligustrina, 4785. 
Tea, 5017, 5022. Yam-bean, 4378, 5040. 
Tecoma stans, 4798. Yucea whipplei, 4447. 
Terebinth, 4750. . - | Zea mays, 4387, 4390, 4393, 4403, 4568, 4569, 4879, 
Terminaiia chebula, 5160. 5055, 5452. 
latifolia, 5198. Zelkova acuminata, 5020. 
Tetragona expansa, 4972. Zizyphus? 4541. 


Texas ebony, 5143, lycioides, 4427. 
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LETTER OF TRANSMITTAL. 


U. S. Deparrmenr or AGRICULTURE. 
BurkEau oF PLANT INpustTRY, 
OFFICE OF THE CHIEF, 
Washington, D. C., November 6, 1901. 
Str: I transmit herewith a manuscript submitted from the Office of 
the Botanist of a paper entitled A List of American Varieties of 
Peppers, by W. W. Tracy, jr., and respectfully recommend that it be 
published as Bulletin No. 6 of this Bureau. 
Respectfully, 
B. T. GatLoway, 


Chief of Burean. 
Hon. James Wrirson, 


Secretary of Agriculture. 


PREP A CE. 


In the Yearbook of the Department of Agriculture for 1901 it is 
stated that American seedsmen catalogued the preceding year *‘* 685 
real or nominal varieties of cabbage, 320 of table beets, 340 of sweet 
corn, 560 of bush beans, 255 of pole beans, 320 of cucumber, 530 of 
lettuce, and an equally large number of varieties of other vegetables.” * 

In such a maze of names, a large proportion of which are accom- 
panied by the most meager descriptions, the progressive cultivator, 
endeavoring to ascertain what varieties are best adapted to his partic- 
ular location, soil, climate, and uses, has little to guide him. Among 
seedsmen, also, similar difficulties exist. A small number of the larger 
houses maintain extensive trial grounds, but the information secured 
in this way is usually not made public. There remains astrong demand, 
both from the seed trade and from the public, for more precise infor- 
mation about the qualities of the various advertised varieties—infor- 
mation which can be furnished only after years of careful study and 
experimentation. There is one necessary preliminary to such work, 
namely, a catalogue of the names of the varieties. 

There is no published work which gives all the varieties of vegeta- 
bles sold by American seedsmen, and the Department of Agriculture 
has therefore prepared such a list, which is now in manuscript. It has 
seemed desirable to publish experimentally a minor portion of this list, 
and for that purpose the peppers have been selected. 

The list has been prepared by Mr. W. W. Tracy, jr., who has charge 
of the Department’s variety testing, with the aid of Mr. J. E. W. 
Tracy, his assistant. 

FREDERICK V. CovVILLE, 
Botanist. 
OFFICE OF THE BOTANIST, 
Washington, D. C., November 6, 1901. 


*TIn counting the number of these varieties, names were included which differed 
from others simply by the addition of a descriptive word, such as ‘‘improyed,”’ 
‘large,”’ ‘‘early,’’ or the names of persons, while other varieties, having attached to 
them unimportant descriptive words, such as ‘‘select,’’ ‘‘new,’’ and ‘‘choice,’’ were 
not included. 

5 


6 


’ 


OMe ENT os 


B. P. I.—8. 


A LIST OF AMERICAN VARIETIES OF PEPPERS. 


INTRODUCTION. 


One great source of the confusion in variety names which this list 
is designed to help in overcoming is the use of descriptive words and 
phrases in multiplying names which frequently mark no real varietal 
differences. Among peppers this is not carried so far as elsewhere, 
and the examples which can be cited are not as striking as in case of 
some of the more generally grown vegetables. The most notable 
examples are found in Ruby King, which different seedsmen catalogue 
as follows: Burpee’s Ruby King, Maule’s Ruby King, Maule’s Improved 
Ruby King, Bolgiano’s Mammoth Ruby King, Mammoth Ruby King; 
and in Bell, which is listed under the following names: Large Bell, 
Improved Large Bell, Sweet Bell, Large Sweet Bell, Large Red Bell, 
Mammoth Bell. In case of some other vegetables there is such an indis- 
criminate use of epithets as to make the distinctions in varieties very 
bewildering. Of Jersey Wakefield cabbage, for example, the follow- 
ing names are used by different seedsmen merely to distinguish their 
stocks: Hawkin’s Jersey Wakefield, Tait’s Early Jersey Wakefield, 
Rice’s Early Jersey Wakefield, Wood’s Selected Early Jersey Wake- 
field, Maule’s Prize Wakefield, Our Own Jersey Wakefield, Extra 
Choice Early Jersey Wakefield, Pedigree Jersey Wakefield, Extra 
Select Jersey Wakefield, Improved Early Jersey Wakefield, ete. 

Occasionally these descriptives mark real superiority of stock, 
especially in point of purity; but it would be much better if such 
superiority were left to be known from the reputation of the seed 
house rather than advertised by the addition of the seedsman’s name 
or of adjectives to the simple variety name, both of which usages 
have been so much abused as to have little or no significance. 

Sometimes, however, words attached to the simple variety name, or 
other slight differences in names, do indicate real differences in type. 
Examples are: Philadelphia Dutch Butter, Philadelphia Butter, and 
Maule’s Philadelphia Butter, names applied to varieties of lettuce of 
types quite different from each other, as are also the names Favor- 
ite, Rudolph’s Favorite, Sutton’s Favorite, Florida Favorite, and the 
Gardener’s Favorite. 
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8 LIST OF AMERICAN VARIETIES OF PEPPERS. 


In preparing this list of varieties the following words have been 
omitted from the variety names: Improved, extra, perfected, pedigree, 
select, selected, extra select, choice, extra choice, superior, celebrated, 
fine, famous, our, our own, true, new, the, and the names of persons. 
Exceptions have been made and some of the above words retained, 
where a personal name or a descriptive word is known to indicate a 
real difference in type, or where the dropping of such a word would 
be confusing and misleading because the variety is so universally 
known and recognized only by the full name, as in Procopp’s Giant 
pepper. The words giant, mammoth, large, early, and extra early 
have in every case been retained because, though not usually indicat- 
ing a difference in type, there are many cases where they do indicate 
such a difference. There is, perhaps, more reason for retaining the 
words ‘timproved” and ‘‘ perfected” and the names of persons than 
the other words mentioned above as omitted, and for this reason these 
words have been allowed to stand in the groups of similar names given. 
in the list, though, as already stated, they have been omitted from the 
alphabetical arrangement. 

The present list of peppers includes all the varieties catalogued by 
seedsmen in the United States and Canada for the year 1901. After 
each variety name are given abbreviations of the name of the seedsmen 
who catalogue the variety. Whenever similar names exist these are 
also given. By ‘‘similar names” are meant resembling names given 
by different seedsmen, whether to like or unlike varieties. In some 
cases such varieties are dissimilar in type or essential characters. Most 
of them, however, are similar or identical in this regard, and some- 
times they are so in the matter of purity of stock also. The synonyms 
cited are those given by seedsmen in their own catalogues for the vear 
1901. Some of the names given as synonyms are undoubtedly incor- 
rect, but this is due usually to a local misunderstanding of the gener- 
ally recognized type or to a misapplication of names rather than to a 
lack of knowledge of the characteristics of the varieties themselves. 


LIST OF ABBREVIATIONS OF NAMES OF SEEDSMEN. 


e 
The following are the abbreviations, alphabetically arranged, which 

have been adopted to designate the seedsmen referred to in this bulle- 
tin. The list includes, so far as is known, all the seedsmen of the 
United States and Canada who issued catalogues or price lists for the 
year 1901: 

Agn H. ©. & J. B. Agnew, Agnew, Cal. 

AGT A. G. Tillinghast, Laconner, Wash. 

All John H. Allan Seed Co., Three Mile Bay, N. Y. 

Alr Alneer Bros., Rockford, Ill. 

A\x Alexander Seed Co., Augusta, Ga. 

Anb E. Annabil, McPherson, Kans. 

Ans A. H. Ansley & Sons, Milo Center, N. Y. 


Ar 
Bai 
Bak 
Bdg 
Bel 
Ber 
Beg 
Bgs 
Bkt 
Blg 
Bng 
Bou 
Bow 
Brb 


Brd 
Bri 
Brk 
Brn 
Brr 
Brt 
Bru 
Brw 
Btl 
Bue 
Bui 
Bur 
CA 
Cam 
C&B 
CCo 
CE 
CF 
Chl 
Chm 
C&I 
Cle 
Cok 
Col 
Cox 
Crg 
Crs 
CSC 


Cur 
D&C 
DD 
Del 
D&H 
Diw 
Drm 
Drr 
Drw 
Dun 
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L. E. Archias Seed Co., Carthage, Mo. 
Bailey & Sons, Salt Lake City, Utah. 

Baker Bros., Fort Worth, Tex. 

Alfred Bridgeman, New York, N. Y. 

J. J. Bell, Deposit, N. Y. 

A. A. Berry Seed Co., Clarinda, Iowa. 

B. L. Bragg Co., Springfield Mass. 

Briggs Brothers & Co., Rochester, N. Y. 

W. C. Beckert, Allegheny, Pa. 

F. W. Bolgiano, Washington, D. C. 
William H. Brunning, Rahway, N. J. 
William A. Bours & Co., Jacksonville, Fla. 
E. J. Bowen, San Francisco, Cal. 

E. W. Burbank Seed Co., Fryeburg, Me. 
Luther Burbank, Santa Rosa, Cal. = LBk 
W. W. Barnard & Co., Chicago, Ill. 

Wm. Brinker, Cleveland, Ohio. 

Joseph Breck & Sons, Boston, Mass. 

Alfred J. Brown Seed Co., Grand Rapids, Mich. 
Fred P. Burr & Co., Middletown, Conn. 
The W. E.- Bartlett Co., Providence, R. I. 
John A. Bruce & Co., Hamilton, Canada. 
E. E. Burwell, New Haven, Conn. 

F. Barteldes & Co., Lawrence, Kans. 

H. W. Buckbee, Rockford, Il}. 

Robert Buist Co., Philadelphia, Pa. 

W. Atlee Burpee & Co., Philadelphia, Pa. 
Jurry-Arrington Co., Rome, Ga. 

L. Cameron, Jacksonville, Fla. 

Clucas & Boddington Co., New York, N. Y. 
Cole Seed Co., Buckner, Mo. 
Chesmore-Eastlake Mercantile Co., St. Joseph, Mo. 
Comstock, Ferre & Co., Wethersfield, Conn. 
John Lewis Childs, Floral Park, N. Y. 

M. Cushman & Co., Rochester, N. Y. 
Cadwell & Jones, Hartford, Conn. 
Cleveland Seed Co., Cape Vincent, N. Y. 
A. T. Cook, Hyde Park, N.Y. 

Cole’s Seed Store, Pella, Iowa. 

Cox Seed Co., San Francisco, Cal. 

Craig Seed Co., Memphis, Tenn. 

Crosman Bros., Rochester, N. Y. 

C. 8. Clark, Wakeman, Ohio. 

The Everett B. Clark Co., Milford, Conn.= EBC 
Currie Bros., Milwaukee, Wis. 

The Dingee & Conard Co., West Grove, Pa. 
Dickmann-Dusard Seed Co., St. Louis, Mo. 
Delano Seed Co., Lee Park, Nebr. 

Darch & Hunter, London, Ontario, Canada. 
W. E. Dallwig, Milwaukee, Wis. 

Drumm Seed & Floral Co., Fort Worth, Tex. 
Henry A. Dreer, Philadelphia, Pa. 

Oliver H. Drew, Hibernia, N. Y. 

R. B. Dunning & Co., Bangor,- Me. 
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Eas 
EBC 
Ebe 
Ebr 
Eic 
Elt 
Emr 
Evr 
Ewg 


Fax 
Fer 
Fld 
Fle 
Fmr 
Fqr 
Frd 
Fst 
Gdn 
Ger 
Gig 
Ggy 
GH 
Gls 
GN 
Gng 
Gra 
Grn 
Grw 


Gry 
G&T 
Ham 
Haw 
Hbt 
H&C 
Hde 
Hen 
Him 
Hy 
Hme 
Hns 
Hnt 
Hop 
H&P 
Jal 
Hrm 
Hrn 
Hrs 
Hrvy 
Hse 
Hest, 
Iml 
low 
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Eastman Seed Co., East Sumner, Me. 

The Everett B. Clark Co., Milford, Conn. 

F. H. Ebeling, Syracuse, N. Y. 

W. M. Eber & Son, Quincy, III. 

Eichling Seed & Nursery Co., New Orleans, La. 
Wm. Elliott & Sons, New York, N. Y. 

Thos. W. Emerson Co., Boston, Mass. 

J. A. Everitt, Indianapolis, Ind. 

Wm. Ewing & Co., Montreal, Canada. 

Robert Evans Seed Co., Hamilton, Canada. = RE 
M. B. Faxon, Boston, Mass. 

D. M. Ferry & Co., Detroit, Mich. 

Henry Field, Shenandoah, Iowa. 

Fleming & Sons, Brandon, Manitoba, Canada. 
Farmer Seed Co., Faribault, Minn. 

R. & J. Farquhar & Co., Boston, Mass. 

Ford Seed Co., Ravenna, Ohio. 

H. G. Faust & Co., Philadelphia, Pa. 

Amzi Godden Co., Birmingham, Ala. 

Germain Fruit Co., Los Angeles, Cal. 

The Griffing Bros. Co., Jacksonville, Fla. 
James J. H. Gregory & Son, Marblehead, Mass. 
The Goodwin-Harries Co., Chicago, Ill. 

Heman Glass, Barnard’s Rural Delivery, near Rochester, N. Y. 
The Great Northern Seed Co., Rockford, Ill. 
Grainger Bros., Toronto, Canada. 

Graham Bros., Ottawa, Canada. 

W. H. Grenell, Pierrepont Manor, N. Y. 
Griswold Seed Co., Lincoln, Nebr. 

Thomas Griswold & Co., S. Wethersfield, Conn. = TG 
Thomas J. Grey & Co., Boston, Mass. 

Griffith & Turner Co., Baltimore, Md. 

Harry N. Hammond Seed Co., Bay City, Mich. 
Budd D. Hawkins, Reading, Vt. 

Thos. W. Hobart, South Sioux Falls, S. Dak. 
Hoermann & Cleary Seed Co., Terre Haute, Ind. 
David Hardie Seed Co., Dallas, Tex. 

Peter Henderson & Co., New York, N. Y. 

H. L. Holmes, Harrisburg, Pa. 

The Holloway Seed & Grain Co., Dallas, Tex. 
John Hume, Port Hope, Ontario, Canada. 
Haines Seed Co., Denver, Colo. 

Hunt Seed Co., Lewistown, Pa. 

Carl 8. Hopkins, Brattleboro, Vt. 

Huntington & Page, Indianapolis, Ind. 

The Henry Philipps Seed & Implement Co., Toledo, Ohio. 
H. T. Harmon & Co., Portland, Me. 

The Harnden Seed Co., Kansas City, Mo. 
Joseph Harris Co., Coldwater, N. Y. 

Harvey Seed Co., Buffalo, N. Y. 

H. F. House & Co., Hiram, Ohio. 

H. G. Hastings & Co., Atlanta, Ga. 

Jno. D. Imlay, Zanesville, Ohio. 

Iowa Seed Co., Des Moines, Iowa. 


Jac 
JCM 
Jer 
Jes 
J 
J&M 
JMM 
JMP 
Jns 
Joo 
J&S 


Kei 
Kel 
Ken 
K&F 
Kg 
Koe 
Kos 
Kra 
K&W 
Lam 
Lan 
LB 
LBk 
Lea 
Lnr 
Livy 


Loh 
Lon 
Man 


Mas 

Mau 
May 
McK 
McM 


Mel 
Med 
Mhl 
Mic 
Min 
Mis 

~ Mnd 
Mns 
Mrs 
M&s 
MV 
MWJ 
Mzy 
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Jacobs Pharmacy, Atlanta, Ga. 

J. Charles McCullough, Cincinnati, Ohio. 

The George W. P. Jerrard Co., Caribou, Me. 
Jessamine Gardens, Jessamine, Fla. 
Livingston’s Seed Store, Des Moines, Iowa. 
Johnson & Musser Seed Co., Los Angeles, Cal. 
J. M. McCullough’s Sons, Cincinnati, Ohio. 

J. M. Philips’ Sons, Mercersburg, Pa. 

L. F. Jones Seed Co., Grand Rapids, Mich. 

C. H. Joosten, New York, N. Y. 

Johnson & Stokes, Philadelphia, Pa. 

Mark W. Johnson Seed Co., Atlanta, Ga. = MWJ 
R. H. Johnston, Victoria, B. C., Canada. = RHJ 
Keith & Co., Winnipeg, Manitoba, Canada. 
The Kelly Co., Cleveland, Ohio. 

A. C. Kendel, Cleveland, Ohio. 

Kennedy & Farnham, Carrollton, Mo. 

T. J. King Co., Richmond, Va. 

W. H. Koerner, Milwaukee, Wis. 

Theo. Koss, Milwaukee, Wis. 

I. N. Kramer & Son, Cedar Rapids, Iowa. 
Kendall & Whitney, Portland, Me. 

Buell Lamberson’s Sons, Portland, Oreg. 

D. Landreth & Sons, Philadelphia, Pa. 

Lilly, Bogardus & Co., Seattle, Wash. 

Luther Burbank, Santa Rosa, Cal. 

Leavings Bros. Seed Co., Paris, III. 

8. F. Leonard, Chicago, Il. 

The Livingston Seed Co., Columbus, Ohio. 
Livingston’s Seed Store, Des Moines, Iowa. =JL. 
The Lohrman Seed Co., Detroit, Mich. 

W. B. Longstreth, Gratiot, Ohio. 

Mann & Co., Cape Vincent, N. Y. 

P. Mann & Co., Washington, D. C.=PM. 

Geo. H. Mass, Woodstock, Vt. 

Wm. Henry Maule, Philadelphia, Pa. 

L. L. May & Co., St. Paul, Minn. 

A. E. McKenzie & Co., Brandon, Manitoba, Canada. 
MeMillan’s Seed Store, Atlanta, Ga. 

J. Charles McCullough, Cincinnati, Ohio. =JCM. 
J. M. McCullough’s Sons, Cincinnati, Ohio. =JMM. 
The Geo. H. Mellen Co., Springfield, Ohio. 
Mangelesdorf Bros. Co., Atchison, Kans. 

Henry F. Michell, Philadelphia, Pa. 

Michael’s Seed Store, Sioux City, lowa. 

P. B. Mingle & Co., Philadelphia, Pa. 

F. B. Mills, Rose Hill, N. Y. 

W. A. Manda, South Orange, N. J. 

J. Manns Co., Baltimore, Md. 

C. C. Morse & Co., Santa Clara, Cal. 

Moore & Simon, Philadelphia, Pa. 

Missouri Valley Seed Co., St. Joseph, Mo. 

Mark W. Johnson Seed Co., Atlanta, Ga. 
Muzzy Bros., Paterson, N. J. 
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Sal 
SB 
S&B 
SC 
S&F 
S&H 
Shm 
Shw 
Sie 
Sim 
S&O 
Sox 
Spf 
Sqr 
S&R 
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The Nebraska Seed Co., Omaha, Nebr. 

Lincoln I. Neff, Pittsburg, Pa. 

Northern Indiana Seed Co., Valparaiso, Ind. 
Northrup, King & Co., Minneapolis, Minn. 

J. F. Noll & Co., Newark, N. J. 

L. L. Olds, Clinton, Wis. 

Ohio Valley Seed Co., Evansville, Ind. 

Pacific Seed Co., Sacramento, Cal. 

The Page Seed Co., Greene, N. Y. 

The Henry Philipps Seed & Implement Co., Toledo, Ohio. =HP. 
J. M. Philips’ Sons, Mercersburg, Pa.=JMP. 
The Pierce Seed Co., Pueblo, Colo. 

J. M. Perkins, Winnipeg, Manitoba, Canada. 
P. Mann & Co., Washington, D. C. 

Pine Tree State Seed Co., Bath, Me. 

Plant Seed Co., St. Louis, Mo. 

Poole’s Seed Store, Tacoma, Wash. 

Portland Seed Co., Portland, Oreg. 

Walter A. Potter & Co., Providence, R. I. 
George H. Price, Albany, N. Y. 

F. R. Pierson Co., Tarrytown-on-Hudson, N. Y. 
Frank 8. Platt, New Haven, Conn. 

Puget Sound Nursery & Seed Co., Seattle, Wash. 
Quaker City Seed Co., Philadelphia, Pa. 

W. W. Rawson & Co., Boston, Mass. 

Jerome B. Rice, Cambridge, N. Y. 

Robert Evans Seed Co., Hamilton, Canada. 

C. A. Reeser Co., Urbana, Ohio. 

Wm. Rennie, Toronto, Canada. 

R. H. Johnston, Victoria, B. C., Canada. 
Horace Rimby, Collegeville, Pa. 

J. C. Robinson, Waterloo, Nebr. 

Rockford Seed Co., Rockford, Ill. 

Rogers Bros,, Chaumont, N. Y. 

Waldo Rohnert, Sargent, Cal. 

Rush Park Seed Co., Independence, Iowa. 

Ross Bros., Worcester, Mass. 

The A. I. Root Co., Medina, Ohio. 

J. R. Ratekin & Sons, Shenandoah, Iowa. 

John A. Salzer, La Crosse, Wis.’ 

Steele, Briggs Seed Co., Toronto, Canada. 
Schmidt & Botley, Springfield, Ohio. 
Schisler-Corneli Seed Co., St. Louis, Mo. 
Schlegel & Fottler, Boston, Mass. 

The Storrs & Harrison Co., Painesville, Ohio. 
R. H. Shumway, Rockford, Ill. 

Otto Schwill & Co., Memphis, Tenn. 

Geo. L. Siegel, Erie, Pa. 

J. A. Simmers, Toronto, Canada. 

Shugart & Ouren Seed Co., Council Bluffs, Towa. 
Sioux City Seed & Nursery Co., Sioux City, Iowa. 
Springfield Seed Co., Springfield, Mo. 

Jas. M. Squier & Son, Lindsay, Ontario, Canada. 
Savage & Reid, Salem, Oreg. 
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Stk J. Steckler Seed Co., New Orleans, La. 


Stw Stewart’s Seed Store, Omaha, Nebr. 
S&W Stumpp & Walter Co., New York, N. Y. 
Tat George Tait & Sons, Norfolk, Va. 

TB Thompson Bros., Muscatine, Iowa. 


T&B Trumbull & Beebe, San Francisco, Cal. 
Tem  L. Templin & Sons, Calla, Ohio. 
Tex Texas Seed & Floral Co., Dallas, Tex. 
TG Thomas Griswold & Co., 8S. Wethersfield, Conn. 
Thb William R. Thurber, Brooklyn, Conn. 
Thm T. H. Thompson Seed & Rice Milling Co., Houston, Tex. 
Thr J. M. Thorburn & Co., New York, N. Y. 
Til A. Tilton & Son, Cleveland, Ohio. 
Tlh Tillmghast Seed Co., La Plume, Pa. 
A. G. Tillinghast, Laconner, Wash. = AGT. 
Tpk Topeka Seed House, Topeka, Kans. 
Trm Trumbull & Co., Kansas City, Mo. 
Vau Vaughan’s Seed Store, Chicago, Ill. 
Vin Sevin Vincent & Co., San Francisco, Cal. 
Vi James Vick’s Sons, Rochester, N. Y. 
Vl The Vail Seed Co., Indianapolis, Ind. 
Wat George C. Watson, Philadelphia, Pa. 
Wd T. W. Wood & Sons, Richmond, Va. 
W&D Weeber & Don, New York, N. Y. 
Wdr_ SS. D. Woodruff & Sons, Orange, Conn. 
Wea Geo. A. Weaver Co., Newport, R. I. 
Web Mel L. Webster, Independence, Iowa. 
Wer  Wernich Seed Co., Milwaukee, Wis. 
Wil Oscar H. Will & Co., Bismarck, N. Dak. 
Wit N. L. Willet Drug Co., Augusta, Ga. 
WS Wood, Stubbs & Co., Louisville, Ky. 
Wyg Adolphus Wysong, Lebanon, Ind. 
Y&H Young & Halstead, Troy, N. Y. 
Yng OC. Young & Sons Co., St. Louis, Mo. 


LIST OF VARIETIES. 


Bell. Bax Blg Bgg Brb Brr Cle CF Ebe Emr Fqr Gra Gng G&T Grw TG 
Ham H&C J&S Kg Lnr Mgd Man PM Mns Mls NI Pac Pg Ptt Qkr S&F 
Sim Stk TB Web Wd WS. 

SIMILAR NAMES. Large Bell, Improved Large Bell, Sweet Bell, Large Sweet 
Bell, Large Red Bell, Mammoth Bell, Golden Bell. 

SEEDSMEN’S syNonyMs. Bull Nose, Emr Fqr G&T J&S Lnr S&F, etc. Sweet 
Mountain, Ptt. Improved Bull Nose, Sim. Large Squash, Sim. Large Bull 
Nose, CF. 

Bird’s Eye. Bur Drr Eic Ger J&M Lan M&S Shw Stk S&W Thm. 

SEEDSMEN’S syNoNymMs. Creole, Bur Drr J&M S&W Thm Vin, ete. Small 
Chili, Ger. 

Black Mexican. Gra. For similar names see Mexican. 

Black Nubian. Bgs Bue Cle Ewg Ren Ree Roe Shm Sim. 

Bolgiano’s Mammoth Ruby King. Entered as Mammoth Ruby King. 

Bonnet. Lan. 

SEEDSMEN’S syNonyMs. Squash, Lan. Tomato, Lan. 

Boston Squash. TG. For similar names see Squash. 

SEEDSMEN’s syNoNyM. Tomato, TG. 
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Bull Nose. Alx Alr Bai Bak Brd Brt Bkt Bel Ber Blg Bow Begg Brk Bdg 
Bgs Bri Brn Bru Bng Bue Bui Brb Bur C&J Cam CE Cle C&B Col Cox Crs 
Cur CA D&H DD Drr Drm Ebe Ebr Elt Emr RE Evr Fmr Far Fst Fax 
Fer Fle Frd Ger Gls Gdn 'GH. Gra Gng Gn Gry G&T Grw TG Ham Hde 
Hrm Hrn Hrs Hry Hst Hen Hbt H&C Hlm Hop Hse Hnt H&P Iml low 
Jac J&M J&S Jns K&F Kg Koe Kos Lam Lan Lea Lnr LB Livy JL Loh 
Mns Mgd Man PM Mns Mas Mau May JCM JMM McM Mel Mic Mhl Mls 
Min M&S Mzy Neb Nef Nol NI NK OV Pac Pg Pks HP Prn Pnt Ptt Poo 
Por Pot Pri Pug Qkr Raw Ree Roe Rt RP S&R SC S&F Shw S&O Shm 
Sie Sim Sox Spf Stk SB Stw S&H S&W Tat TB ‘Thm Thb Til Tpk Trm 
T&B V1 Vau Vk Wea Web W&D W1l WIt Wd WS Wyg Yng Y&H. 

SIMILAR NAMES. Improved Bull Nose, Large Bull Nose, Sweet Bull Nose. 

SEEDSMEN’s synonyms. Bell, Ble Emr Fqr G&T J&S Lur, ete. Large Bell, 
Bui Bur Drr Fer Hen Iow, ete. Large Red Bell, SB. Large Squash, Sim. 
Large Sweet Bell, Gls Mhl. Mammoth Bell, Cam Gdn Jae. Spanish Monstrous, 
Wit. Sweet Mountain, Bru Hrn. 

Burpee’s Golden King, Burpee’s Golden Upright, Burpee’s Ruby King. Entered 
as Golden. King, Golden Upright, and Ruby King. 

Cardinal. Bgs Cle Crs RE Ewg Frd Gra Ggy Hen Ken Livy May M&S Mzy 
NK WD. 

Cayenne. Anb Ar Brd Btl Ber Bru Crg Crs CA Dlw Drm Ebr Ewg Fld Ger Gra 
Ggy G&T Hrs Hrv H&C Hnt H&P J&M Kei Lam Lan Lea Liv JL PM MeK NI 
JMP Pir Prn Raw Ren Rt Rs Sal S&B Stw Thm W&D. 

SmmMILAR NAMES. Cayenne Pickling, Long Cayenne, Red Cayenne, Long Red 
Cayenne, Long Yellow Cayenne, Hammond’s Long Red Cayenne, Small Cay- 
enne, Small Red Cayenne, Little Red Cayenne, Large Red Cayenne. 

SEEDSMEN’S syNoNyMs. Long Red Cayenne, Bur. Chili, JL. 

Cayenne Pickling. Vau. For similar names see Cayenne. 

Celestial. Alx Alr Ar Brt Btl Brk Bdg Bgs Bue Bui Bur Chl Cle Crs Cur CA D&H 
DD Drr Eas Ebe Ebr Elt RE Ewg Fqr Fst Frd Ger GH Gra Ggy Grw Ham Hrs 
Hly MWJ J&M J&S Kra Lan Lnr Liv Man May JCM JMM MeM Mhl Mis MV 
M&S Nef Nol NK Ptt Pot Qkr Ren Ree Roc Sal S&O Shm Sim Spf Stk SB Stw 
Tem Thr Trm Vk Vin W&D. ; 

SrmrLAr NAMES. Childs’ Celestial, Improved Celestial, Chinese Celestial. 

Cheese. Min. 

Cherry. Ar Brn RE Ewg Ger Gra Ggy Kei Ren Vau. 

SrmiLAR NAMES. Yellow Cherry, Red Cherry. 

Childs’ Celestial, Childs’ Improved Celestial, Childs’ Kaleidoscope. Entered as 
Celestial and Kaleidoscope. 

Chili. Alx Bow Bru C&J Cam Cle C&B Cox DD Eas Ebe Elt RE Fqr Gdn 
Ggy Hde Hen Ken Lnr Man Mas McM Mzy Neb Pir Pnt Poo Por Pot S&R 
SC Stk SB SW T&B WD. 

SimiLAR NAMES. Small Chili, Red Chili, Small Red Chili, Yellow Chili, 
Mammoth Chili, Large Mexican Chili, Mexican Chili. 

SEEDSMEN’S SYNONYMS. Cayenne, JL. Mexican, DD. 

™ nese Celestial. Anb Evr V1. For similar names see Celestial. 

inese Giant. Bur D&H Drr Mau Thr. For similar names see Procopp’s 
Ciant. 
‘ter. Pac. 

SIMILAR NAMES. Japanese Cluster, Red Cluster, Japan Red Cluster. 

imbus. Hic. 
val Gem. Drr Ebr RE Mhl Ree Sal S&F. 
SIMILAR NAMB. Coral Gem Bouquet. 
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Coral Gem Bouquet. Buc Bur Col Cok D&H Eyr Fqr Fst Frd Hbt Hse Iml 
Iow J&M Livy JL Mau M&S Pnt Raw Ree Roc Rs Vau Vk Wd WS. 
SmMILAR NAME. Coral Gem. 
SEEDSMEN’S syNoNYM. Red Cluster, M&S. 
County Fair. Hen Liy. 
SrMILAR NAME. Henderson’s County Fair. 
Cranberry. GH Mzy. 
SIMILAR NAME. Red Cranberry. 
Creole. Bur Drr J&M M&S Shw S&W Thm. 
SEEDSMEN’S syNoNYM. Bird’s Eye, Bur Drr M&S Shw Thm Vin. 
Dwarf Red Squash. Hlm. For similar names see Squash. 
Early Dwarf Red Squash. Bur Frd GH Hbt Ree. For similar names see Squash. 
Early Dwarf Squash. Raw. For similar names see Squash. 
Elephant’s Trunk. Bui Eic RE Hde J&S Koe Mau Pac Thr Vau. 
Flat. Ggy. 
SEEDSMEN’S syNonymM. Squash, Ggy. 
French Cayenne. Lan. 
Giant Emperor. Ebr Mzy. 
Giant of Valencia. Thr. 
Giant Sweet Spanish. Kg. For similar names see Sweet Spanish. 
Giant Yellow King Mango. Liv. For similar names see Golden King. 
Golden Bell. Bui Hnt Lan HP Qkr Stw Wit. For similar names see Bell. 
SEEDSMEN’S syNoNyM. Golden Dawn, Bui HP Qkr Roc Wit. 
Golden Dawn. Alx Anb Ar Bai Brd Btl Ber Brk Bdg Bgs Brn Bru Bue Bui Bur 
Brr Cam CE Cle C&B Cok Crs Cur Del DD Drr Drw Ebe Ebr Eic Elt Emr 
ER Evr Ewg Fqr Fst Fer GH Gra Ggy Gry Grw TG Hns Hrs Hrv Hen Hly 
Him Hop Iml J&M J&S Kra Lam Lnr LB Liv Man Mas Mau May JCM 
JMM McM Mel Mic Mhl Mzy Neb Nol NI NK OV Pac HP JMP Pnt Por 
Pot Pri Qkr Raw Ree Roc RP Sal S&R S&F S&O Shm Spf Stk SB S&W 
Tat Tem Tex TB AGT Trm V1 Vau Vk Wea Web W&D Wer Wyg. 
SIMILAR NAMES. Golden Dawn Mango, Sweet Golden Dawn, Mammoth Gol- 
den Dawn. 
SEEDSMEN’S sYNoNyMs. Golden Bell, Bui HP Ikr Wlt. Golden Queen, Buc 
Roc Vk. 
Golden Dawn Mango. Entered as Golden Dawn. 
Golden King. Bur D&C GH Rim. 
SIMILAR NAMES. Burpee’s Golden King, Giant Yellow King Mango. 
Golden Prize. Hest. 
Golden Queen. Brt Bkt Buc Bur CE Cle Del Drm Ebe Fld G&T Ham Him 
Livy Lon Mnd Mau May OV Ptt Roc Vk. 
SIMILAR NAMES. Mammoth Golden Queen, Improved Golden Queen. 
SEEDSMEN’s syNonyM. Golden Dawn, Buc Roe Vk. 
Golden Upright. Alr Bel Bue Bur DD Fst Frd GH Lnr Mls Ree Roe. 
SrMILAR NAME. Large Golden Upright. 
Grossum. Bru Crs Hry Sim Vk Vin. 
SEEDSMEN’S SYNONYM. Monstrous, Bru Crs Hry Sim Vk Vin. 
Guthrey’s Giant. SB. For similar names see Procopp’s Giant. 
Hammond’s King of Reds, Hammond’s Long Red Cayenne. Entered as King of 
Reds and Long Red Cayenne. 
Henderson's County Fair. Entered as County Fair. 
Hot Bull Nose. M&S. For similar names see Bull Nose. 
Improved Bull Nose, Improved Celestial, Improved Golden Queen, Improved Large 
Bell, Improved Long Red, Improved Sweet Mountain, Improved Thick Long 
Red. Entered as Bull Nose, Celestial, ete. 
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Japanese Cluster. Ewg Gra W&D. For similar names see Cluster. 

Japan Red Cluster. Drr Frd. For similar names see Cluster. 
SEEDSMEN’S syNonyM. Red Cluster, Frd. 

Kaleidoscope. Buc Bur Chl Drw CE Gra Hst Hse Iow Liv JL NK Ree Roc. 
SmiLarR NAME. Childs’ Kaleidoscope. 

King of Reds. Ham. 
SimILAR NAME. Hammond’s King of Reds. 

Large Bell. Aix Alr Anb Bai Brd Brt Bkt Bel Ber Bou Bow Brk Bdg Bgs Brn 
Bng Buc Bui Bur C&J CE Chl C&B Col Cox Crg Crs Cur CA D&H Del DD 
Drr Drm Dun Eas Ebr Elt RE Evr Ewg Fmr Fst Fax Fer Fle Frd Ger GH 
GN Ggy Gry Hde Hrm Hrs Hrv Hst Haw Hen Hbt Hlm Hop Hse H&P 
Iml Iow J&M Jns Kei KKW K&F Kos Kra Lam Lea LB Liv JL Loh Mas 
Mau May JCM JMM Mic MV Mzy Neb Nef Nol NK OV Pks HP JMP 
Prn Pne Pnt Ptt Poo Por Pot Pri Pug Raw Ree Ren Ree Roc Rs RP Sal 
S&R SC Shw S&O Shm Sie Sox Spf S&H S&W Tat Thm Thr Thb Til Tpk 
Trm T&B V1 Vau Vk Vin Wat Wea W&D WI1l Wyg Yng Y&H. 

For similar names see Bell. 
SEEDSMEN’s syNoNyM. Bull Nose, Bui Drr Fer Hen Liv Raw, ete. 

Large Bull Nose. Brr CF Drw MWJ. For similar names see Bull Nose. 

SEEDSMEN’s syNoNYM. Bell, CF. 
Large Golden Upright. NK. For similar names see Golden Upright. 
Large Mexiean Chili. J&M. For similar names see Chili. 
Large Red. Ewg Gra Kei. Tor similar names see Long Red. 
Large Red Bell. SB. For similar names see Bell. 
SEEDSMEN’S SyNoNYM. Bull Nose, SB. 

Large Red Cayenne. Hrm Iml. For similar names see Cayenne. 

Large Sweet. Bui G&T. For similar names see Sweet. 
SEEDSMEN’s syNonyM. Sweet Mountain, Bui. 

Large Sweet Bell. Gls Hrv Mhl Min M&S Tex. For similar names see Bell. 
SEEDSMEN’s syNonyMs. Bull Nose, Mhl Gls. Mountain, Tex. 

Large Sweet Mountain. Alx CF Drm Evr Ger Ggy Hrv Liv JL Old Pac Roe 
AGT VI. 

For similar names see Sweet Mountain. 

Large Sweet Spanish. Bak Btl Bou Cam CA Dlw Drr Fst Gdn Gig MWJ Lan 
Mel Mhl Pac Stw TB. 

For similar names see Sweet Spanish. 

Large Squash. Bow CF Crs RE Fer Hrm K&W LB MY NK Pri Ree Rs Sim 
Thr Til vee: 

For similar names see Squash. 
SEEDSMEN’s syNonyMs. Bell, Sim. Bull Nose, Sim. Tomato, Bow Bdg CF 
Crs Ree. 

Large Yellow. Kei. For similar names see Long Yellow. 

Little Red Cayenne. Wd. For similar names see Cayenne. 

Long Cayenne. Cox RE Gig Hst RHJ Kos Lan Lnr Sim Vin Web Wyg Y&H. 

For similar names see Cayenne. 
Long Red. Btl Bkt Bel Bow Bgs Bri Bru D&H RE Ggy Lan Liv Ren Sal Sim. 
Sim1LaAR NAMES. Improved Long Red, Thick Long Red, Improved Thick 
Long Red, Long Red Pointed, Large Red. 
SEEDSMEN’s synonyM. Santa Ire, Ggy. 

Long Red Cayenne. Alx Alr Anb Bai Bak Brt Bkt Blg Bow Brk Bdg Bgs Bri 
Brn Bng Bue Bui Bur Brr C&J Cam CE Cle C&B Col CF Crs Cur D&H 
DD Drr Ebe Eic Elt Emr Evr Fmr Fqr Fst Fax Fer Frd Gls Gdn GH 
Gng GN Gry Grw TG Hns Ham Hde Hrn Haw Hen Hly Hlm Hop Hse 
Jac M“WJ J&S K&W Ken K&F Kra LB JL Loh Lon Mnd Mgd Man Mns 
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Mas Mau May JCM JMM McM Mhl Mis Min MV M&S Mzy Neb Nol NK 
OV Old Pac Pks HP Prn Pnt Ptt Pot Pri Ree Ree Roc RP SC S&F Shw 
S&O Sie Sox Spf Stk SB S&W Tat Tex TB Thr Thb Tpk Til Trm T&B V1 
Vau Vk Wea W&D Wd Wdr WS Yng. 
For similar names see Cayenne. 
SEEDSMEN’S SYNONYM. Cayenne, Bur. 
Long Red Pointed. Cox. For similar names see Long Red. 
Long Yellow. Bgs Bru RE Gra H&P Iml Ree Sal S&O. 
SmmiLaAR NAME. Large Yellow. 
Long Yellow Cayenne. Buc Crs GH Mzy Roc. For similar names see Cayenne. 
Mammoth. Brk Bgs Brb Bur C&B Crs Cur Elt Emr RE Eyr Fqr Frd Gls 
Hen low K&W Kra Mzy Nol HP Rce S&O Sox Tem Thb Trm V1 Vk 
W&D Yng Y&H. 
SrmmLar NAMES. Monstrous, Monstrous Mammoth, Sweet Mammoth, Sweet 
Orange Mammoth, Rose Mammoth. 
SEEDSMEN’s syNoNyMs. Sweet Mountain, Bur Cur Elt Emr Hen Vk, ete. 
Monstrous, Evr V1. Sweet Spanish, Trm. 
Mammoth Bell. Cam Gdn Jac. For similar names see Bell. 
SEEDSMEN’s syNoNyM. Bull Nose, Gdn Jac Cam. 
Mammoth Chili. S&O. For similar names see Chili. 
Mammoth Golden Dawn. McK Ren. For similar names see Golden Dawn. 
Mammoth Golden Queen. Alr Bel Bru Col Frd Hse Iow J&S JL Mls M&S Pir 
Ree Shm Sim S&H Thr Wd WS. 
For similar names see Golden Queen. 
SEEDSMEN’S syNoNyM. Mango, Sim. 
Mammoth Ruby King. Alr Bel Blg Drm J&M Livy JL Mns HP S&B Shm Thm. 
For similar names see Ruby King. 
Mammoth Ruby King Mango. Entered as Mammoth Ruby King. 
Mammoth Sweet Mountain. Hse. For similar names see Sweet Mountain. 
Mammoth Sweet Spanish. Wd WS. Forsimilar names see Sweet Spanish. 
Mango. Shm Sim. 
SEEDSMEN’s syNonyMs. Mammoth Golden Queen, Sim. Sweet Mountain, Shm. 
Martinique. Eic. 
Maule’s Ruby King, Maule’s Improved Ruby King. Entered as Ruby King. 
Metealf’s Squash. Fqr. For similar name see Squash. 
Mexican. DD Lan. 
SIMILAR NAMES. Black Mexican, Mexican Chili, Large Mexican Chili. 
SREDSMEN’S SYNONYM. Chili, DD. 
Mexican Chili. Ger Thm. For similar names see Chili and Mexican. 
Mikado. Bur. 
Monstrous. Bru Crs Evr Hry NK Sim Stk SB Til V1 Vk Vin. 
For similar names see Mammoth. 
SEEDSMEN’S SYNONYMS. Grossum, Crs Hry Vk Vin. Mammoth, Evr Sim V1. 
Sweet Spanish, Stk. 
Monstrous Mammoth. Anb Btl Hns. For similar names see Mammoth. 
Monstrous Sweet Spanish. Ar Eic Ree Sie. For similar names see Sweet Spanish. 
Moore & Simon’s Searlet Maddalon. Entered as Scarlet Maddalon. 
Mountain. Tex. For similar names see Sweet Mountain. 
SEEDSMEN’s synonyM. Large Sweet Bell, Tex. 
Orange Wrinkled. Bur. For similar names see Wrinkled. 
Oxheart. Hnt May Mzy NK Thr. 
Pickling. Fqr S&F. 
SEEDSMEN’s syNonyM. Squash, Fqr S&F. 
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Procopp’s Giant. Ar Btl Bel Ber Brk Bri Bru Bng Bui Brr Cle D&H Drr Elt 
RE Eyr Ewg Fqr Fst Frd GH Gra Gng Ggy Gry Hde Hrs Hst J&M Liv 
Mau May McM Mis MV NK Pir Pnt Raw Ren Rce Sal SC S&F Shm Sim 
Sox Spf SB Thm Thr V1 Wer Wd WS. 

SIMILAR NAMES. Guthrey’s Giant, Chinese Giant, Salzer’s Giant. 

Red Cayenne. Del low Mh! Por S&R Stw S&H Tem AGT WIL. 

For similar names see Cayenne. 

Red Cherry. Alx Bai. Brd Brt Blg Bow Brk Bdg Bri Bru Bui C&J CE Cle 
C&B Col Cox Crs DD Drr Ebe Eic Elt Emr Fqr Fer Gdn GH Gry G&T 
Hen Hly Hop H&P RHJ J&S K&W Lan Lnr LB Liv Mnd Mns Mh] MV 
Mzy Neb NK Pac HP Pnt Ptt Pot Pri Raw Rce SC S&F S&O Sox Stk Stw 
S&W Tat Tem Thr V1 Vk Wat W&D War. 

For similar names see Cherry. 
SEEDSMEN’s syNonyM. Red Cluster, Pac. 

Red Chili. Bai Brt Btl Bkt Blg Brk Bdg Bri Brn Bng Buc Bur CE Col Crs 
Cur D&H Del Eic Emr Fst Fer Fie Gls GH Gng G&T Hns Hrm Hst H&C 
Hly H&P low Jac J&S Lam LB Livy Loh Mnd JCM M&S NK Pri Ree Rs 
Sal Shw Sie Thr Trm Vin Wer Wyg. 

For similar names see Chili. 

Red Cluster. Bdg Begs Bur Chl Crs Ebe Eic RE Fst Frd Ger Gls Hde Hst Hen 
Hbt Him Iow Liv Mau May MV M&S NK Pac Pg Ptt Qkr Raw Rce Sal 
Sox Spf Stk S&W Thr Vau Vk WIl Wd WS Y&«H. 

For similar names see Cluster. 
SEEDMEN’S SYNONYMS. Japan Red Cluster, Frd. Coral Gem Bouquet, M&S. 
Red Cherry, Pac. 

Red Cranberry. Sal. For similar names see Cranberry. 

Red Etna. Bur Ham Mls Ree. 

Rose Mammoth. Ebe. For similar names see Mammoth. 

Ruby King. Alx Anb Ar Bai Bak Brd Brt Btl Bkt Blg Bow Brk Bdg Begs Br 
Brn Bru Bng Buc Bui Bur Brr Brw C&J Cam CE Chl Cle C&B Col CF Cok 
Cox Crs Cur CA Diw D&H Del DD D&C Drr Drw Eas Ebe Ebr Eic Elt RE 
Evr Fmr Fqr Fst Fer Fld Frd Ger Gls Gdn GH Gra Gng GN Ggy Gry Gig 
G&T Grw TG Hns Ham Hde Hrn Hrs Hrvy Hst Haw Hen H&C Hly Him 
Hop Hse H&P Iml low Jac Jer MWJ RHJ J&S Jns Kg Koe Kos Lam Lan 
Lea Lnr LB Livy Loh Mnd Mgd Man PM Mas Mau May JCM JMM McK 
McM Mel Mic Mhl Mls MV M&S Mzy Neb Nef Nol NI NK OV Pac Pg JMP 
Pir Prn Pnt Ptt Poo Por Pot Pri Qkr Raw Ree Ren Ree Rim Roc Rs RP 
Sal S&R SC S&F Shw S&O Sie Sox Spf Stk SB Stw S&H S&W Tat Tem 
Tex TB Thr Thb Til Trm T&B V1 Vau Vk Vin Wea Web W&D Wer WIL 
Wd Wdr WS Wyg Yng Y&H. 

SIMILAR NAMES. Burpee’s Ruby King, Maule’s Ruby King, Maule’s Improved 
Ruby King, Mammoth Ruby King Mango, Mammoth Ruby King, Bolgiano’s 
Mammoth Ruby King, 
Salzer’s Giant. Sal. 
Santa Fe. Ggy. 
SEEDSMEN’S SyNonyM. Long Red, Ggy. 

Scarlet Maddalon. M&s. 

Searlet Wrinkled. Bur. For similar names see Wrinkled. 

Small Cayenne. Lan HP Spf Stw. For similar names see Cayenne. 

Small Chili. Drr Ger Grw Iml Mns May Mhl Ptt Tat Tex V1 Wea War. 

For similar names see Chili. 

SEEDSMEN’s SyNoNYM. Bird’s Eye, Ger. 
Small Red Cayenne. MWJ. For similar names see Cayenne. 
Small Red Chili. Bak Bui MWJ Lan Roc Shm Sim Stw Til Vk. 


For similar names see Chili. 
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Spanish Mammoth. Bru Fer Ken Ree. For similar names see Sweet Spanish. 
SEEDSMEN’S SYNONYM. Sweet Mountain, Fer. 

Spanish Monstrous. Bui Bur Fst Gng Ggy Hrn Lnr Mau JMM M&S Ree T&B 
Vau Wit. 

For similar names see Sweet Spanish. 
SEEDSMEN’S SYNONYM. Bull Nose, Wt. 
Squash. Bai Brt Bgg Brk Bdg Bru Bui Brb C&J Cle Cox Emr Fqr Fax Ggy 
Gry Grw Lan Lnr Liv Min Mzy Pnt Ptt Pot Qkr S&F Thm T&B Vin. 
SrmILaR NAMEs. Large Squash, Boston Squash, Dwarf Red Squash, Early 
Dwarf Red Squash, Early Dwarf Squash. 
SEEDSMEN’S SYNONYMS. Tomato, Bui Cle Cox Lan Lnur Liv, etec.. Pickling, 
Fqr S&F. Flat, Ggy. Bonnet, Lan. 
Sweet. Hly. 
SIMILAR NAME. Large Sweet. 

Sweet Bell. Mhl. For similar names see Bell. 

Sweet Bull Nose. Hly. For similar names see Bull Nose. 

Sweet Columbus.  Eic. 

Sweet Golden Dawn. MV Rce Sox Tat Thr Wit. 

For similar names see Golden Dawn. 

Sweet Mammoth. Shw. For similar names see Mammoth. 

Sweet Mountain. Alr Bai Brd Brt Bkt Ber Blg Bow Bgg Brk Bdg Bgs Bri Brn 
Bru Bng Bue Bui Brb Bur Brr Brw C&J Cle C&B Col Cox Crs Cur D&H 
Del DD Eas Ebe Ebr Elt Emr Fqr Fer Frd Gls GH Gra Gry Grw TG Hde 
Hrm Hrn Haw Hen H&C Hly Him Hop Hnt H&P Im! low Jns K&W 
Ken Kg Kra Lam Lea Lnr LB Loh Lon Mnd Mgd Mns Mau May JCM 
JMM Min MV Mzy Neb Nol NI NK OV Pg Pks HP JMP Pont Ptt Pot Pri 
Raw Ree Ree Rs Sal SC S&F Shw S&O Shm Sox SB S&W Tem Thm Thr 
Thb AGT Til Vau Vk Vin Wea W&D Wdr Wyg Yng Y&H. 

SIMILAR NAMEs. Mountain, Mammoth Sweet Mountain, Large Sweet Moun- 
tain, Improved Sweet Mountain. 

SEEDSMEN’S syNoNyMs. Large Sweet, Bui. Bull Nose, Bru Hrn. Mammoth, 
Bur Cur Elt Hen Iow Vk, ete. Spanish Mammoth, Fer. Bell, Ptt. Sweet 
Spanish, Bow H&P SB. Mango, Shm. 

Sweet Orange Mammoth. Liv S&B. For similar names see Mammoth and Sweet. 

Sweet Spanish. Bow Bdg Bng Cle C&B Cur CA Drm Eic Elt RE Evr Ewg 
GH Gra Hns H&P J&M Kei Lan Liv Mnd Mau Mzy NK Ren Rt Sal S&O 
Sim Stk SB S&W Tat Thm Thr Til Trm T&B W&D Wer. 

SmmILAR NAMES. Spanish Monstrous, Spanish Mammoth, Large Sweet Spanish, 
Giant Sweet Spanish, Mammoth Sweet Spanish, Monstrous Sweet Spanish. 

SEEDSMEN’S syNoNyMs. Sweet Mountain, Bow H&P SB. Mammoth, Trm. 
Monstrous, Stk. 

Tabaseo. Bur Col Drr Eic Jer Lan Mau Pnt Sal Stk Thr Wd. 

Thick Long Red. Livy. For similar names see Long Red. 

Tomato. Bai Bow Beg Brk Bdg Bui Brb Cle CF Cox Crs TG Lan Lnr Liv 
Min Mzy Pnt Ptt Qkr Ree Thm T&B Vin. 

SEEDSMEN’s syNonyMs. Squash, Bui Cox Liv Ptt T&B Vin. Bonnet, Lan. 
Large Squash, Bdg Bow CF Crs Ree. Boston Squash, TG 

Tom Thumb. Mau. 

Wrinkled. Bgs Bur Liy Ren Vau. 

SimiLar NAMEs. Yellow Wrinkled, Scarlet Wrinkled, Orange Wrinkled. 

Yellow Cherry. Crs GH Pnt SC Thr. For similar names see Cherry. 

Yellow Chili. Fer Hly NK Pg. For similar names see Chili. 

Yellow Wrinkled. Bur.. For similar names see Wrinkled. 
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OFFICE OF THE CHIEF, 
Washington, D. C., November 8, 1901. 
Str: I have the honor to transmit herewith a paper by Mr. C. S. 
Scotield, entitled The Algerian Durum Wheats, and respectfully rec- 
ommend that it be published as Bulletin No. 7 of this Bureau. The 
paper was prepared in connection with the Botanical Investigations 
and Experiments and was submitted by the Botanist. 
Respectfully, 
B. T. GaLLoway, 
Chief of Bureau. 
Hon. James WILson, 
Secretary of Agriculture. 
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In the act making appropriations for the Department of Agriculture 
for the fiscal year 1902, under the head of ** Botanical investigations and 
experiments,” authority is given— 

To investigate the varieties of wheat and other cereals grown in the United States 
or suitable for introduction, in order to standardize the naming of varieties as a basis 
for the experimental work of the State experiment stations and as an assistance in 
commercial grading, and to investigate, in cooperation with the Bureau of Chemistry, 
the causes of deterioration of export grain, particularly in oceanic transit, and devise 
means of preventing losses from those causes. 

The work thus authorized falls under two heads, a purely botanical 
investigation of the varieties of cereals and a general investigation of 
the methods of grading and shipping export grain. Both lines of 
inquiry have been placed in charge of Mr. Carl 8. Scofield. 

From October, 1900, to July, 1901, Mr. Scofield was in Algeria and 
western Europe, engaged in work on cereals, and devoted about three 
months to the study and introduction of the Algerian durum wheats, 
a work suggested and supervised by Mr. W. T. Swingle of the Depart- 
ment of Agriculture. These wheats form an important export from 
Algeria to Europe for use in the manufacture of macaroni, and their 
recent introduction into American agriculture by this Department 
makes it important that the agricultural experiment stations as well as 
private experimenters and investigators, including progressive manu- 
facturers and farmers, should have a precise understanding of the 
characteristics of the important varieties. If it shall later be found 
that a particular variety of Algerian durum wheat—for example, Pelis- 
sier—is notably successful in this country because of its productiveness 
or the superior adaptation of its gluten to macaroni making, that 
variety will then be known everywhere by that one name and experi- 
menters and farmers will not be subjected to the great waste of time 
and money that follows when the same name is loosely applied to two 
or three or half a dozen varieties that have very different qualities. 

For the general plan of this publication Mr. Scofield desires to 
acknowledge his indebtedness to the ‘‘ Catalogue Méthodique et Syn- 
onymique des Froments,” by M. Henry L. de Vilmorin, with additional 
thanks to.M. Philippe de Vilmorin for many kind suggestions and the 
opportunity of visiting the large collection of wheats at Verriéres. 
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The work for the publication was done chiefly in the laboratories of 
Dr. L. Trabut, ‘t Chef des Services Botaniques de l Algérie,” who very 
kindly not only gave Mr. Scofield the free use of his laboratories, pho- 
tographic apparatus, and herbarium, including one of the best existing 
collections of durum wheats with his notes thereon, but also gave much 
attention and personal interest to the work, for which the author feels 
the deepest gratitude, and without which the work could scarcely have 
been accomplished. 
FREDERICK V. COVILLE, 
Botanist. 
OFFICE OF THE BOoTANIST, 
Washington, D. C., Noveniber 6, 1901 
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THE ALGERIAN DURUM WHEATS: A CLASSIFIED LIST WITH 
DESCRIPTIONS. 


INTRODUCTION. 


Owing to the great variability of the wheat plant, due in part to its 
high development and the artificial conditions of its culture, its varie- 
ties are extremely difficult to classify. In fact, any attempt to list 
and describe all existing types of wheat would be an endless task; for 
almost all imaginable types can now be found or are liable to be pro- 
duced. Of all the existing forms, comparatively few are of sufficient 
economic value to find a place in general culture, so that a practical 
systematic account of varieties for the use of the plant breeder and 
variety tester can be made by describing as accurately as possible the 
forms now prominent, leaving place for new ones that may appear, 
and claiming to be fina] only in the insistence that one name shall be 
connected solely with one variety, thus avoiding confusion and mis- 
understanding in the literature of the subject and in commercial 
dealings. 

OBJECT OF A DESCRIPTIVE CLASSIFICATION OF WHEAT 
VARIETIES. 


An accurate and detailed description of wheat varieties, with a 
classification based thereon, may be so used as to havea harmful as 
well as a beneficial result. The important point in a variety is that it 
yield the largest possible amount of grain of the best quality for the 
purpose desired under given conditions. The ability to do this is not 
always indicated by the morphological characteristics of the plant. 
Plants growing together under the same conditions do not all vary 
alike. Certain ones find peculiar conditions more congenial and 
develop more vigorously, so that after a few generations the plants 
which succeed best naturally replace the others, unless artificial selec- 
tion interferes. A variety produced in one locality might be made up 
of plants having certain well-marked similar points. Under different 
conditions some of these plants might change in a certain respect, and 
others remain nearly constant with regard to this particular point. 
Some of the plants which change might find the new conditions better 
adapted to their growth and gradually replace the others which might 
be considered to be of the true type. Were artificial selection to be 
used here in such a way as to discriminate against the better-yielding 
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plants, for example, it would be used with harmful effect. In other 
words, a minute botanical description unless used wisely is quite as 
likely to be harmful as useful. The possibility of this is, however, 
small in comparison with the possibility of usefulness in an accurate 
description and classification of varieties of wheat. The confusion and 
misunderstanding resulting from a lack of accurate knowledge of the 
varieties for which names are used are very great. There can be but 
little object in giving a variety a name, unless a definite record or 
description is available that will make the name mean something. It 
is at present not an uncommon thing to find two or more names 
applied to a single variety of wheat, or to find a single name applied 
to several distinct varieties. A simple and accurate description would 
do much toward preventing such a condition of affairs. 

In many cases where large numbers of closely allied varieties are on 
trial under similar conditions, there are few clean-cut morphological 
distinctions that can, with our present limited knowledge of the plants, 
be stated. The only difference noticeable often is in yielding capacity. 
This, of course, must be observed and put on record. It is not to be 
expected that a method of description, however accurate, can ever 
replace the pedigree method of recording varieties; but it is hoped 
that such a description may supplement the records and help to sim- 
plify them and to avoid errors. 

Since a change in conditions of soil and climate causes variation in 
botanical characteristics, as well as in the yield and quality of the grain 
of the wheat plant, it is impossible to correctly describe varieties 
gathered from widely different sources after they have been grown 
for several generations in one place under nearly the same conditions. 
The aim should rather be to describe a variety as growing under the 
conditions where it reaches the best development, when it may also 
be possible to add to the description of its botanical form certain 
sharply detined chemical characteristics of the grain. It now seems 
possible to outline methods of description that will meet this purpose, 
and this will render unnecessary the collection of varieties from 
various localities for comparison side. by side and the study of the 
variations induced by the incident change of conditions. 

The laws of variation in wheat due to climate, food supply, and 
hybridization are not yet well enough known to permit the use of a sys- 
tem of classification which is not more or less arbitrary. Natural rela- 
tions and affinities are often hard to trace, and it seems better to start 
with some practical system, however arbitrary, and then rearrange 
the classification as rapidly as the data for doing so are obtained. 


BASIS OF PRESENT DESCRIPTIONS AND CLASSIFICATION. 


The varieties of wheat belonging to the botanical species 7r/tieum 
durwn make up the class known in the United States as ‘t goose” or 
“rice” wheats. These names are applied on account of the horny 
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texture of the kernel, which shows little or none of the starchy, white 
appearance in cross section that is found in the grain of varieties 
of Triticum aestivum, a species more commonly known as 7?/t/eum 
vulgare, to which most of our commonly cultivated wheats belong. 
The durum varieties as a class differ further from the vulgare varieties 
in that they are, so far as known, all bearded, and the beards are par- 
ticularly strong and stiff. Also, the midrib or keel of the outer 
glumes is always prominent in the durum varieties and extends the 
entire length of the glume. 

The present classification is based on differences observable in the 
head and grain. There are doubtless valuable characters to be made 
out from a study of the leaf and stem: and the time of ripening 
and general color of the plant are also points of great importance. 
As these grounds of distinction, however, were not available in case 
of some of the varieties here considered. they are not used at all in 
the present work. 


STRUCTURE OF THE WHEAT HEAD. 


The flowering and fruiting cluster at the summit of the stem ofa 
wheat plant is called indifferently the “head” or “spike.” The por- 
tion of stem running through the spike, on which the flowers or 
kernels are borne, is called the ‘‘ rachis.” The rachis js divided hy a 
number of joints or ‘‘nodes,” and at these nodes on alternate sides 
of the rachis are attached the “spikelets,” i. e., the several small 
secondary spikes which, together with the rachis, make up the spike 
proper. The short branch running through each spikelet is known as 
the ‘*rachilla.” Inserted upon the rachilla are several concave scales 
which are called the “glumes.” The two lowest and outermost of 
these contain no flowers or kernels, and are designated as the ‘* flower- 
less glumes.” Above these, ar ‘ranged alternately, are borne the 
flowers—rarely less than two or more than five. Each flower, and as 
it matures, each grain, is subtended by a single glume, known as the 
“flowering glume.” Each fiowering glume has a longitudinal nerve, 
which at the summit extends into a prominent *‘awn” or ‘* beard.” 
On the inner or creased side of the grain or * berry,” filling it very 
closely and more or less hidden from view by the flowering glume, is 
borne the ‘‘palea” or ‘‘palet,” a thin scale with two nerves. The 
flowerless and flowering glumes and the palets are spoken of collec- 
tively as the ** chaff.” 

The outer or flowerless glumes in all varieties of Triticum durum 
have a prominent midrib or “keel” extending from the base to the 
tip, terminating in a “beak” of varying length and thickness. The 
rachis often bears rather long, stiff hairs about the base of the 
‘achilla, but these should not be confused with the short, soft hairs 
often borne on the surface of the outer glumes. It is the latter that 
are referred to when the term * hairy chaff” is used. 
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The spike in varieties of Zr/ticum durum is often symmetrical to 
one longitudinal plane only, i. e., to a plane separating the rows of | 
spikelets. This single longitudinal symmetry is shown in Plate I, 
where three spikes of the same variety (Pelissier) are shown in” 
different positions. It is readily seen that in @ the bases of the spike- 
lets overlap much more than in c, which is the opposite side of a 
similar spike. For convenience, the view shown in ¢ is called the 
front view, that in a the back view, and that in } the side view. 
When the condition shown in Plate I, ¢ is slightly more pronounced, 
the rachis is readily visible in the front view, as, for instance, in 
Plate XVII, figure 1. This monosymmetry, which is due to the bases 
of the spikelets overlapping more on one side than on the other, is 
often attended by a curvature of the spike, the side seen in the front 
view being the concave one. 


GRAIN CHARACTERS. 


The grain of wheat by its differences in shape, size, and color offers 
points of distinction that are very clear, and these used in connection 
with the characters furnished by the spike and spikelet afford ample 
means for definite description and reasonably extended classification. 
The grain of durum wheat varies in color from whitish amber to dark 
red. It may be clear, i. e., almost translucent, or dull, 1. e., quite 
opaque. It also varies widely in its general size and shape. (See 
Plate III, fig. 2.) 

There are decided differences in both the quality and the quantity 
of the nitrogenous material contained in the grain, and these differ- 
ences are reasonably constant within the variety under given condi- 
tions. They are approximately stated when the color and the quality, 
as determined by the general appearance, are given. It is probable 
that in time chemical methods will be devised by which it will be 
possible to express quality of wheat in accurate figures, ‘‘ quality” 
meaning quantity of nitrogenous material and relative amount of its 
important constituents. The quality of a variety stated in these terms 
would determine for what use it is best fitted and its approximate 
value for that use. 


RELATIVE VALUE OF CHARACTERS. 


The general appearance of the spike or of the grain of a wheat 
variety is one of the things that fixes it in mind. Accurate deserip- 
tion is only the analysis of the general appearance to its simplest details 
and a statement of these details. Varieties may then be separated into 
groups on the basis of this description, these groups again split, and 
so on until the limit, which is the single variety, is reached. This 
separation is made arbitrarily, using what appear to be the most 
important and constant details first. There is often some uncertainty 
or difference of opinion as to which are the most important and con- 
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stant characteristics. For instance, it is generally assumed that the 
distinction between a smooth and a hairy chaff is reasonably important 
and constant, but in the case of the variety ‘‘ Pelissier” it is difficult 
to say to which class it really belongs. It is possible that this is a 
case of two varieties approaching similarity in all points but that of 
pubescence. It is more probable, however, that it is a case of extreme 
variability in this particular. Other equally ambiguous cases arise, 
but it is believed that sufficient accuracy of description and reproduc- 
tion have been secured to be of substantial assistance to those who 
deal with these varieties in variety testing or improvement, or in a 
commercial way. 


GLOSSARY OF TERMS USED. 
(For illustrations see Pls. II and III.) 


AURICULATE.—Eared. Applied to the summit of the flowerless 
glumes when the wings are extended upwardly in earlike form. See 
Shoulder. 

Break.—The projecting tip of the keel of the flowerless glumes, 
which, though sometimes prominent, never becomes long enough to 
be called a beard. 

BrarD, BEARDED.—The beard consists of the long, stiff awns borne 
at the tips of the flowering glumes. 

Breaptu.—As applied to the head or spike, the approximate meas- 
urement of the width of the head, exclusive of beards, taken across 
both rows of spikelets in the view in which the heads are shown in 
the cuts. 

Brusu.—The hair found on the upper end of the grain. 

Cuarr.—Collective term for the flowerless and flowering glumes 
and the palets. : 

Durum.—Used to indicate the varieties of wheat belonging to the 
species Zriticum durum. The same term may be used in commerce 
to distinguish these wheats, which are best for the manufacture of 
macaroni, from the ‘*vulgare” wheats, which are best for bread- 
making purposes. 

Frat.—A spike is said to be flat when its breadth is considerably 
greater than the width of a single spikelet, i. e., when the breadth of 
the spike conspicuously exceeds its depth. 

GLumE.—One of the concave scales of the spikelet. The empty 
pair at the base of the spikelet are the ‘‘flowerless glumes.” The 
remainder, containing flowers or grains, are called the ‘‘ flowering 
glumes.” 

Harr, Harry.—Used with reference to the pubescence which is 
sometimes present on the glumes, chiefly on the outer or flowerless 
ones. Terms not to be confused with beard and bearded, and as here 
used not applied to the hairy growth often found on the rachis at the 
base of the spikelet. 


Hrap.—Same as spike. 

Kre..—The prominent rib extending from the base to the tip of the 
flowering glumes on the back. 

LrenetH.—As applied to the head or spike, the measurement from 
the lowest node to the tip of the glume of the terminal spikelet. 

PALEA, PALET.—The thin, two-nerved scale on the inner or creased 
side of the berry. Seldom referred to in the descriptions. 

SHOULDER.—As applied to the outer glume, denoting the wing on 
each side of the beak, which often forms an earlike (auriculate) pro- 
jection. (See Plate I], fig. 2.) Descriptions using this term can be 
only relative or comparative, because of the variation in the same head, 
the shoulder being narrower and the auriculation less pronounced in 
the spikelets near the base than in those toward the apex of the spike; 
but this difference is reasonably constant within the variety. 

SmoorH.—As applied to the glumes, this means simply not hairy. 

SprkeE.—The flowering or fruiting cluster at the summit of the 
stem. 

SPIKELET.—One of the short branches of the spike with its glumes 
and palets and flowers or kernels. 

VuLcarE.—Used to designate all varieties of wheat belonging to 
the species best known as Z7riticum vulgare, but according to the 
revised nomenclature properly called Zrit/cewm aestivum. 


GENERAL CHARACTER OF THE DURUM WHEATS. 


The present work deals with some of the more important varieties 
of Triticum durum now grown in a general or experimental way in 
Algeria, North Africa. 

The soil and climate of the tillable portion of Africa north of the 
Sahara Desert are favorable to the production of durum wheats, 
which, though not containing as large a quantity of nitrogenous 
material as the similar wheats of Southern Russia, still furnish a 
quality of this material so well adapted to the manufacture of maca- 
roni and similar paste foods that the product in quality rather excels 
that derived from the Russian varieties. It may be well to say here 
that commercially the chief use of the durum wheats is for the manu- 
facture of paste foods. For this purpose it is necessary to have a 
gluten decidedly different in character from that desired for bread- 
making purposes. Bread is, however, made extensively from flour of 
durum wheat in countries where this is almost the only wheat grown. 

The bread thus made is usually darker in color and heavier and 
tougher in texture than that made from flour of vulgare wheats, but 
has a very pleasant flavor and is considered highly nutritious, since 
durum wheats as a rule contain more proteid matter than vulgare 
wheats. 
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Certain peculiar variational tendencies are found in common among 
the varieties of North African durums. In case of varieties having 
colored chaff and beards the color becomes more pronounced as they 
are grown where the sunlight is more intense and the relative humidity 
of the atmosphere is less, and in general the quality of the grain 
improves as the intensity of the sunlight increases and the relative 
humidity of the atmosphere decreases. There is considerable varia- 
tion as to rust resistance among the varieties of durum wheat, but they 
will probably average more rust-resistant than the varieties of 7réticwim 
aestivum. This is due in part to their vigorous growth and to the fact 
that they find their highest development in climatic conditions unfay- 
orable to the growth of rust. 

They are, however, somewhat subject to attacks of smut ( Ustilago 
tritici); not more so probably than the vulgare wheats, but enough so 
that a fungicide treatment is usually given to the seed wheat in Alge- 
ria, particularly in the province of Constantine. 

The varieties of durums so far grown in the United States have 
proved better yielders under semiarid conditions than the vulgare 
wheats. Algerian varieties of durum wheats are always grown with 
autumn planting, but it is probable that most of these varieties will 
succeed with spring sowing in the northern portion of the Mississippi 
Valley. The yield and rust resistance will be determined largely by 
the time of ripening of the different varieties. 

It is to be hoped, since durum wheat is likely to be more generally 
distributed and more widely grown in the near future in the United 
States, that the men who grade and handle grain may learn to know it 
readily and that they will give it a distinct place in the general system 
of grades, so that there will be no necessity for the grower to mix it 
with vulgare wheat in order to sell it, thus greatly lowering the value 
of both sorts, since they are difficult to separate and are of much less 
value when mixed. 

The places in the United States where durum wheats are likely to 
grow best are the somewhat dry yet tillable portion of the Great Plains 
west of the Mississippi River and the Red River of the North and the 
irrigated region of the Southwest. 

The chief use of this wheat will be for the manufacture of macaroni 
and similar paste foods, for it is the only wheat with which a first- 
grade article of this class can be made. For the manufacture of 
breakfast foods its high proteid content and its pleasant flavor are 
likely to recommend it, and it will find a limited use in affording a 
cheap but nutritious bread in localities where its increased yield will 
make it cheaper than vulgare wheat. 


EXPLANATION OF PLATE II. 


Figure 1 represents a spikelet of the variety Beliouni magnified six times. This 
shows the smooth chaff with the cluster of hairs on the portion of the rachis just 
below the spikelet. The long, slender beak is shown extending well beyond the tip 
of the flowering glume. The shoulder of the outer glume is fairly prominent in this 
view and is sharply auriculate. The prominent keel of the outer glume can be seen 
only near the base and tip, the middle being out of view. 

Figure 2 shows a spikelet of Mohamed ben Bachir with hairy chaff, magnified as 
above. This spikelet is much narrower than the preceding one, containing but three 
grains. The beak is very short, not reaching the tip of the flowering glume. The 
shoulder of the outer glume is very broadly auriculate, and the deep indentation 
separating the beak and auricle is shown in the glume at the extreme left. 
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EXPLANATION OF PLATE III. 


Figure 1 shows the two flowering glumes with the mature grain, subtended by the 
outer flowerless glume, as seen in the variety Moroccain, magnified six times. The 
chaff is smooth; the beak of the keel is of medium length, but does not pass the tip 
of the flowering glume. The shoulder of the outer glume is narrow and shortly but 
sharply auriculate. Of the chaff the inner scale (palea) fits closely about the grain, 
and with it is held snugly within the flowering glume when in normal position. 
Only the flowering glumes ever bear a long awn or beard, and this in the cut is 
broken off. 

Figure 2 shows two varieties of grain magnified six times. The longer grains are 
those of Nab el Bel, which are described as being long and slender, and the others 
are from Meskiana and are short and broad. The side view of the longer grain 
shows a curvature in the outline. This is sometimes very pronounced, and from 
this shape of the grain the variety gets some of its names. 

The hair visible on the upper end of the grain is ‘‘the brush.’’ It is usually less 
abundant in the durum than in the vulgare wheats. 
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FIG. 1, PART OF SPIKELET OF MOROCCAIN; FIG. 2, GRAINS OF NAB EL BEL AND MESKIANA. 
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18 
DESCRIPTION OF VARIETIES WITH KEY. 


This key is intended to serve as a guide in placing a variety near 
where it belongs. It is constructed on a dichotomous system, which 
separates the subject matter into classes on the basis of sharp differ- 
ences in the particular aspect chosen as the ground of comparison. 
The figure on the right in each case refers to the same figure on the left 
of the page where the next division is made. 


Spikes straight, or nearly so; rachis concealed by the overlapping bases of the 


spikelets; chaff either smooth or hairy; grain either red or amber. -..------ 2 
Spike more or less curved; rachis nearly or quite exposed on the concave side; 
erain ini ber ciel Ww alte, OL Mealy SO'.. 2222... tats eeep eee eee eee 27 
Chathamogiimdnes Mot pupeSscent a.5 41.2... 6. . oss. eee eee tee ree 3 
\Chat TMOMEMOT MESS AAT Yn Fa le 3 aie ec cou So's 5 wines ee ee eee a 16 
ee EIEN OCT ee a se ee ok oe he acid oe ee ee ee 4 
Gralnened epee teeta ee se ec le Me lode de oh ees Soe ene eta ener 15 
Chathwmbitewanmmeatlycs@s e625 cco. shan Jes ws oon nye eee eee eee 5 
Chatiistromelyeemared <8 2-2 oes cce oo ss vn oe Seer e eee eee ere at 
(Beards white.or siraw-colored.0. 2... 2...+..-.2--2-<Ueee eeu er sess se see 6 
\Beards nearly or Mite @laCK shya2 2.8 26k eS oe op orn See oe Pelissier. 
vee of keelitwo to four times aslong as ‘broad. : 2.0... 2s<s2-5eeasseeeee 7 
Beakjotkeel tive on srs times as long! as broad 2 = 222s2-o2-see-=— eee eee 10 
7 aces distincilyapassing tip of flowering glume. -....22.2-s2esecceeee+ =e 8 
Beak scarcely reaching tip of flowering glume......---..--2os~=25----22555= 9 
8 Vee about 1.2 em. broad; spikelets bearing three or four grains. - Aicha el Beida. 
Spikes about 1 cm. broad; spikelets bearing two or three grains. ..-.----- Poulot. 
Spike about the same size from base to tip; shoulder of outer glume very 
GhicMoinAUTeM MAGE cee eo sees So eth als one = oi ee m am ere rete Beloturka. 
9 Spike tapering from base to tip; shoulder of outer glume sharply auriculate 
Bike oBal SSS SASSO SEES ee ee eR ete Se eae Aa Courtellement. 
Shoulder of outer glume broad; not sharply auriculate; grain short and broad 
Beak ekA StS (Uso ae eee eee SE AMES AEs oon Xeres. 
10) Shoulder of outer glume narrow; sharply auriculate; grain long and slender 
RES SEM EUO Se S50 Cee EO ee ee ee re SEE Sr SEAS. Moroccain. 
1 TEC WeAaAncs| PLOW OF DIACK 22 So is2.c0o o/s punts aaa a aoe eee oe ee ee eee 12 
(@hattandsbeandsplackico..< ss sok nef 50 Ss. . Selo eo eee eee 14 
Spike tapering from base to top; beards somewhat deciduous. .-...-.----- Medeah. 
12/Spike about the same size from base to tip; beards vigorous and well re- 
KEIN Cements noe Shr. hol An One ecu cis eae cee S Se RO eee eee 13 
‘Spikes about 1.2 em. broad; spikelets bearing three or four grains; shoulder of 
| outer gine proag, eharply ‘auriculate .. 22.0.0 2..2. sc) 32. -c sesame Beliouni. 
°) Spikes about 1 em. broad; spikelets bearing usually two grains; shoulder of 
outer glume very narrow, slightly auriculate..............-..-s.-.s-.- Paros. 
sSpike about 8 cm. long; grain clear, dark amber .......-..------------- Kahla. 
\Spike about 6 em. long; grain dull, whitish amber.....-..------- Caid de Siouf. 
Spike about 0.8 cm. broad; beak of keel five to six times as long as broad; 
shoulder of outer glume narrow, distinctly auriculate ........-.---- Trimenia. 
Lo Spike about 1.1 em. broad; beak of keel three or four times as long as broad; 
shoulder of outer glume broad, not sharply auriculate .......--..----- Hached. 
Bere bist: se. {A ee ee Seeeeehrae terre ses eer. i 6 17 
OV Grain einem LE oi oc See wk ake code ba seer see UU OR lee uae 19 
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‘\Spike tapering toward the tip, or at least not club-shaped.........---------- 18 
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Spike distinctly flattened; grain long and slender.................-. Ell Aoudja. 
1S not perceptibly flattened; grain short and broad.......---.-.---- Boghar. 
iia We ee eee Se oS Sn on icles Wo pe Sous eee nes Sate csueus 20 
ie EC MCTBESLS(E) MiG) SE 2 Se ah i a en. eae ese a 24 
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Spike about 1.5 cm. broad; shoulder of outer glume sharply auriculate; grain 
OURO UT ASU SIGE 2 95 iS Ech Se ee Nab el Bel. 
7) Spike about 1.1 em. broad; shoulder of outer glume slightly or not at all 
Minewlare raimehors and Proads. 22.0... -- <2. ss2.--c- sce. eece Meskiana. 
54 Beak of keel blunt, about as broad as long..---..........-....-....-- M’ Saken. 
= \BeaE of keel sharp, two or three times as long as broad..--.-.-...-.... Medeba. 
oA oe SNCS MICE DY TOG Si SS en A ce ee ee ee 25 
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Beak of keel passing tip of flowering glume; shoulder of outer glume nar- 
LOWES MOPAR CH ALOrene mesma se cris oe yess Sace cen. Sees beck El Hamra. 
as Beak of keel hardly reaching tip of flowering glume; shoulder of outer glume 
JVQPe LO Set Ce (Dh iae iRTE Ss ee ea ae Se a St - ee a Azizi. 
Shoulder of outer glume reduced to a slender tooth: chaff often streaked with 
(OSE) Se aoe ee eae 2 Ee ee a a iS Maroe. 
26 Shoulder of outer glume broad, deeply auriculate; chaff not streaked with 
ee ee eee eee ee eae coke oe NS A Makouwi. 
Chaff smooth; beards sparse and weak, glumes often more than 2 cm. 
97 WD eek oben ke ce ashes St Ge Oe eae a ne ea El Safra. 
Chaff more or less hairy; beards strong; glumes often long but never reaching - 
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“Spike not tapering perceptibly except at extreme tip.................------- 3l 
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Spike 8 to 10 cm. long; grain very light clear amber ..........-....---- Ouchda. 
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AICHA EL BEIDA. 
PLATE IV, Fie. 1 


Spike straight or nearly so; chaff smooth, white; grain clear amber; beards white 
or straw-colored; beak of keel two to four times as long as broad, distinctly passing 
the flowering glume; spikes about 1.2 cm. broad; spikelets bearing three or four grains. 

This variety is grown to some extent on the high plateau of Constantine, near 
Meskiana, but it has not proved vigorous enough to hold a very important place in 
general culture there, where popular sentiment demands a wheat with a shorter, 
more compact head. The derivation of the name is: ‘‘Aicha,’’ a term of endear- 
ment applied to a woman, and ‘‘el Beida,’’ which means ‘‘ the white.”’ 


COURTELLEMENT. 
PuatE IV, Fia. 2. 


Spike straight or nearly so; chaff smooth, white; grain amber; beards white or 
straw-colored; beak of keel two to four times as long as broad, scarcely reaching the 
tip of the flowering glume; spike tapering from base to tip; shoulder of outer glume 
sharply auriculate. 

This variety is from seed sent to Algeria from Syria by Mr. Coukteliament a 
traveler, from whom it takes its name. It is not widely known nor generally grown 
in Algeria, but deserves attention from the fact that the beards are somewhat decid- 
uous, readily breaking off as the plant reaches maturity. 
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BELOTURKA. Synonym: Kubanka. 
Piarm V. Fras I. 


Spike straight or nearly so; chaff smooth, white, or nearly so; grain amber; beards 
white or straw-colored; beak of keel two to four times as long as broad, scarcely 
reaching the tip of the flowering glume; spike about the same size from base to tip; 
shoulder of outer glume very slightly auriculate. 

This variety is of Russian origin, as the name indicates. It is grown rather exten- 
sively in Algeria, but under a great variety of names. It yields fairly well, but the 
grain is somewhat inferior in quality to that of the best Algerian wheats, and very 
much inferior to what it is when grown in Russia. It is probably adapted to land 
much richer in humus than the average Algerian soil. 


XERES. Synonym: Puglia. 
PrarEe V, Fie. 2: 


Spike straight or nearly so; chaff smooth, white; grain amber, inclining to red; 
beards white or straw-colored; beak of keel five to six times as long as broad; 
shoulder of outer glume broad, not sharply auriculate; grain short and broad. 

This wheat is supposed to be of Spanish origin. It is now widely cultivated in all 
wheat-growing countries bordering on the Mediterranean. Under the name 
‘Puglia,’ it is one of the best-known wheats of Italy. It is well known commer- 
cially and widely cultivated in Algeria, although often under purely local names. 
For both yield and quality it ranks among the best varieties grown in Algeria. 
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POULOT. 
PrArE Vil, Kres A: 


Spike straight or nearly so; chaff smooth, white; grain clear amber; beards white 
or straw-colored; beak of keel two to four times as long as broad, distinctly passing 
the tip of the flowering glume; spikes about 1 cm. broad; spikelets bearing two or 
three grains. 

This variety is grown to a limited extent in the southern part of the province of 
Algiers. It is named after the man on whose property it was found. It is not 
widely grown in Algeria, and is not commercially known. The grain is very large 
and of excellent quality. 


PAROS. Synonyms: Atelante; Grece volo. 
Prat VI, Kies 2 


Spike straight or nearly so; chaff smooth, red; grain amber, very slender, and 
pointed; spike about the same size from base to tip; beards brown, vigorous, and 
well retained; spikes about 1 cm. broad; spikelets bearing usually two grains; 
shoulder of outer glume very narrow, slightly auriculate. 

This variety was introduced into Algeria from Greece. It is of very good quality, 
but has never attained a prominent place in general culture. Hairy-chaffed strains 
of this variety are not uncommon, the variety known as ‘‘El Hamra’’ being prob- 
ably closely related to this one. 
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BELIOUNI. 
Pruate VII, Fie. 1. 


Spike straight or nearly so; chaff smooth, red; grain clear amber, rather large; 
beards brown or black, vigorous, and well retained; spike about 1.2 cm. broad, nearly 
the same size from base to tip; spikelets bearing three or four grains; shoulder of 
outer glume broad, sharply auriculate. (See also Pl. II, fig. 1.) 

This variety is well known on the high plateau of the province of Constantine in 
the vicinity of Setif; it is doubtless indigenous to that region. It has a vigorous 
habit of growth and produces grain of excellent quality. 


MEDEAH. 
PLATE VI Fier 2: 


Spike straight or nearly so; chaff smooth, red, inclining to black; grain large but 
short, clear amber; beards brown or black, inclining to break off as the plant nears 
maturity; spike tapering decidedly from base to tip. 

This variety is doubtless indigenous to Algeria. It takes its name from a town 
near the center of the province of Algiers, near which it is almost the only variety 
cultivated. It is known commercially as one of the superior sorts for the manufac- 
ture of macaroni. In the western part of the province of Oran, where it has been 
recently introduced, it matures nearly two weeks in advance of the other varieties 
cultivated there and yields well, producing grain of excellent quality. It is one of 
the most prominent varieties in Algeria. 
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CAID DE SIOUF. 
Puate VIII, Fie. 1. 


Spike straight or nearly so; chaff smooth, black; grain dull amber, inclining to 
white; beards black; spike rather small, usually about 6 cm. long. 

This variety is the product of selection made by an Arab, ‘‘Caid,’’ whose name it 
bears. While the grain is of rather large size, neither its quality nor the vigor of 
the plant is such as to gain for this variety a very large place in general culture in 
Algeria. 


KAHLA. Synonyms: Maraouni; Madona. 
Prare VIII, Fie. 2: 


Spike straight or nearly so; chaff black; grain clear reddish amber; beards black; 
spike about 8 cm. long. 

This wheat is grown in Algeria under a wide variety of names and conditions. It 
is a favorite with the Arabs. The name ‘‘ Kahla”’ signifies black, in reference to the 
color of the chaff, which, however, varies somewhat with the conditions of light and 
atmospheric moisture. The plant is hardy and vigorous, growing with irrigation in 
the edge of the Sahara, and without irrigation on the high plateaus. The name 
‘‘Madona’’ is attached to a strain of this variety, which is of Grecian origin. This 
variety has probably a wider distribution in Algeria than any other. 
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TRIMENIA. 
PuatTeE IX, Fie. 1. 


Spike straight or nearly so; chaff smooth, white; grain small, dull red; spike about 
8 mm. broad, the least compact of all the Algerian durums; beak of keel five to six 
times as long as broad; shoulder of outer glume narrow, distinctly auriculate. 

This variety is a native of Sicily, and has not been grown in Algeria except in an 
experimental way. Its chief value lies in its early maturity, from which it takes its 
name, ‘‘ Trimenia’’ signifying three months. In the countries bordering the Medi- 
terranean on the north this variety is grown with spring planting. The grain closely 
resembles in appearance the best Russian durums, and the Sicilian wheat is exten- 
sively used for making the superior grades of macaroni in Naples and Genoa. 


HACHED. Synonym: Chetla. 
PLATE IX, Fie. 2. 


Spike straight or nearly so; chaff smooth, slightly reddish; grain clear red; spike 
about 1.1 em. long; beak of keel three or four times as long as broad; shoulder of 
outer glume broad, not sharply auriculate. 

This variety is one of the most important of the few red-grained kinds cultivated in 
Algeria, where amber-grained wheats are more generally sought after. It is culti- 
vated chiefly on the higher lands of the province of Constantine, where it is fre- 
quently found. It is not of enough importance to find its way into commerce under 
its own name. 
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BOGHAR. Synonym: Maroc Rebat. 
PuaTeE X, Fie. 1. 


Spike straight or nearly so; chaff more or less hairy; grain red, short and broad; 
spike gradually tapering toward the tip, but not perceptibly flattened. 

This variety is probably of Spanish origin. 1t has not been cultivated in Algeria 
except in an experimental way, though the quality of the grain is very good indeed. 
It is said to be cultivated to some extent in Morocco under the name of ‘‘ Rebat.’’ 


EL AOUDJA. Synonym: Sbaa el Roumia. 
Puate X, Fie. 2. 


Spike straight or nearly so; chaff more or less hairy, white; grain red, long, slen- 
der, and pointed; spike slightly tapering toward the tip, distinctly flattened. 

This variety is extensively cultivated under various names in the mountains of ° 
Kabylia, where it does fairly well, even under the adverse conditions of very sloy- 
enly culture which often prevail in this locality. The name ‘‘Sbaa el Roumia,’’ 
by which it is often known, means ‘‘the finger of a Christian,’’ in reference to the 
general shape and color of the spike. The form of spike and habit of growth some- 
what resemble the ‘‘ Nab el Bel’’ or ‘‘ Richi’? wheat. The latter, however, has the 
grain of a clear amber color, so that no confusion should arise between the two. 
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PLATE X. 


HELIOTYPE CO., BOSTON. 


TESDOUNI. 
Prare XI, Fie. 1. 


Spike straight or nearly so; chaff hairy, nearly white; grain red; spike somewhat 
club-shaped. 

This is one of the many kinds of wheat cultivated by the Arabs in the Aures Moun- 
tains of the province of Constantine, Algeria. The spike is sometimes slightly 
curved, but the arrangement of the spikelets is not such as to class this variety with 
those having curved spike and exposed rachis. In general form, however, the spike 
often closely resembles that of the variety described later under the name ‘‘ Zedouni;”’ 
in fact, the present variety may be considered as a variation from that. It is very 
vigorous and maintains itself well, even on the thin, poorly cultivated soils of the 
region where it grows. The grain is large and of excellent quality, but it seldom 
finds its way into commerce under its true variety name. A wheat closely resembling 
this and probably of the same variety has been found in Morocco. 


M’SAKEN. 
GATE skcle Hire. 2: 


Spike straight or nearly so; chaff more or less hairy, nearly or quite white; beards 
white or straw-colored; spike barely if at all flattened; beak of keel blunt, about as 
broad as long; grain small, clear amber. 

This variety is probably of Tunisian origin and is adapted to very dry conditions. 
It is, so far as is known, not widely cultivated in Algeria. Its name would indicate 
that it is considered by the Arabs to be one of the original types of wheat. 
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MEDEBA. 
Verve NG) MOE Nace Ihe 


Spike straight or nearly so; chaff hairy, white; grain clear amber, large, blunt; 
spike barely if at all flattened; beak of keel sharp, two or three times as long as 
broad; beards white or straw-colored. 

This variety is one of the many found in the Aures Mountains of the province of 
Constantine. The name signifies ‘‘humpbacked,’’ in reference to the peculiar shape 
of the berry. The wheat is not widely known either in culture or commerce, but is 
a vigorous sort and produces grain of very good quality. 


MESKIANA. Synonyms: Djenah au Necar; Abd el Kader. 
PrArh excl rire. 2s 


Spike straight or nearly so; chaff more or less hairy, white; grain clear amber, 
large, short, and broad; beards white or straw-colored; spike distinctly flattened, 
about 1.1 cm. broad; shoulder of outer glume slightly or not at all auriculate. (See 
also Pl. ITI, fig. 2.) 

This variety of wheat takes its name from a town in the province of Constantine, 
Algeria. It is commonly grown by the Arabs in the Aures Mountains, but under 
various names, which suggest good qualities for it, although it has not, so far as is 
known, attracted special attention in either culture or commerce. 


36 


—————— 


= SSS 


=—=— = st Se. Ze 


ee 


CAID ELEUZE. 
Pian Md Ere. 1. 


Spike more or less curved; rachis nearly or quite exposed on the curved side; chaff 
more or less hairy, white; beards very strong, nearly or quite black; grain clear 
amber, very large. (See also Pl. I.) 

This variety, which takes its name from an Arab officer, is noticeable chiefly for 
the large size of its grain. It is grown on the high plateau of the province of Con- 
stantine, but has not a wide distribution. It is not known in commerce. 


PELISSIER. Synonym: Hebda. 
Prare XIII, Fre. 2. 


Spike straight or nearly so; chaff white, hairy, though in some strains nearly or 
quite smooth; grain dull amber, inclining to white; beards black. 

This variety, presumably of Spanish origin, is widely distributed throughout North 
Africa, where it is grown under many different names. The chief name is taken 
from a man living near ‘‘ Ponts des Issers,’’ in the western part of the province of 
Oran, who did some valuable work in selection to improve the yield of the variety. 
There is in this variety considerable variation, or else there are several distinct varie- 
ties that closely resemble this one in general appearance. The predominant type isas 
described above, but it is not uncommon to find wheat identical with this except for 
a smooth chaff. It is difficult to decide whether or not this characteristic is sufficient 
to make a variety distinction. Pelissier wheat is now attracting attention on account 
of its superior yielding qualities. It is gaining a considerable place in general culture 
in the western part of the province of Algiers, and has shown itself to be one of the 
best yielding and most rust-resisting varieties that have been tried at the botanical 


_ experimental station at Rouiba, Algeria. 


MOHAMED BEN BACHIR. Synonym: Makouwi. 
PuaTE XIII, Fie. 2. 


This variety so closely resembles the preceding one, except in the color of the 
chaff, that the same cut may illustrate both. (See also Pl. II, fig. 2.) It is said 
that the original seed of this plant was brought from Mecca (hence the name 
‘‘Makouwi’’) by an Arab, from whom it is named ‘‘Mohamed ben Bachir.’? The 
latter is much the more common name. The variety is a favorite in the province of 
Constantine, near Setif, which is one of the largest primary wheat markets in Algeria. 
The wheat is extensively known both in culture and in commerce. 
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EL HAMRA. Synonym: Russian. 
PLATE XIV, Fie. 1. 


Spike straight or nearly so; chaff more or less hairy, red or slightly brown; grain 
clear amber, slender and pointed; beards straw-colored or red; beak of keel passing 
tip of flowering glume; shoulder of outer glume narrow, slightly auriculate. 

The name of this variety refers to the general color of the spike, signifying ‘‘the 
red.’’ It is probable that some seed of Russian origin has produced a similar variety, 
which accounts for the synonym. This wheat is widely distributed in Algeria, but is 
by no means as extensively grown as some of the other sorts. It is easily possible 
to confuse this variety with ‘‘Paros,’’ previously mentioned, which differs from it 
only in having a smooth chaff. The similarity between the two sorts extends to the 
shape and color of the grain. 


AZIZI. 
Pratm XIV, Fie. 2: 


Spike straight or nearly so; chaff more or less hairy, red or slightly brown; beards 
straw-colored or red; grain large, clear amber; beak of keel hardly reaching tip of 
flowering glume; shoulder of outer glume broad, sharply auriculate. 

This variety is said to have been brought into Algeria from Tunis. So far as is 
known, it has not gained a prominent place in general culture. 
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MAROC. 
PLATE -XV, Fie. 1. 


Spike straight or nearly so; chaff more or less hairy, red or slightly brown; grain 
long, pointed, amber inclining to red; beards black; shoulder of outer glume reduced 
to a slender tooth; chaff often streaked with black. 

This variety has been brought into Algeria from Morocco and tried in an experi- 
mental way. It has not so far found a place in general culture. It is, however, a 
distinct type and for that reason retains a place in this list. 


OUCHDA. 
PrArE XV. Fre. 2. 


Spike more or less curved; chaff hairy; beards straw-colored, very strong; glumes 
often long but never reaching 2 cm. in length; spike tapering decidedly in the upper 
half, 8 to 10 em. long; grain very light, clear amber; beards inclining to black. 

This is one of the types commonly found in mountainous regions. It is very vig- 
orous and is popular where wheat culture is carried on under adverse conditions. 
It is supposed to have originated in Morocco, but has been tried to some extent in 
Algeria. 
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AURES. 
Prare XOVIlL, Fre: 1. 


Spike more or less curved; chaff hairy; beards strong, straw-colored, glumes often 
very long, but never reaching 2 cm. in length; spikelets set almost at right angles to 
the rachis, making the spike about 2.2 cm. broad, nearly the same breadth through- 
out its length; grain very large, clear amber. 

This variety is grown extensively on the lower lands of Algeria from seed obtained 
from the Aures Mountains, from which it takes its name. It is a very vigorous sort, 
producing grain of unusual size and very good quality. In the Aures Mountains it is 
grown under a yariety of local names. 


MOROCCAIN. 
Prare xeViil. Kies 2: 


Spike straight or nearly so; chaff smooth, nearly or quite white; beards white or 
straw-colored, sometimes rather weak; beak of keel five to six times as long as broad; 
shoulder of outer glume narrow, sharply auriculate; grain clear amber, long and 
pointed. (See also Pl. III, fig. 1.) 

This wheat, which comes from Morocco, is so far not widely cultivated in Algeria. 
It is interesting chiefly as showing one of the connecting links between the species 
T. durum and T. polonicum. Plants of this variety readily vary toward the type of 
either species. In both yield and quality of the grain it is considered to be inferior 
to the regular durum sorts. 
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NAB EL BEL. Synonyms: Richi; Mahmoudi; Gemgoun; Montenotte; El Beliouni; 
Sbaa el Roumia; El] Aoudja. 


Puate XVIII, Fie. 1. 


Spike straight, or nearly so; chaff hairy, white; glumes rather long, but never 
reaching 2 cm. in length; spike distinctly flattened, about 1.5 em. broad; shoulder 
of outer glume sharply auriculate; grain clear amber, long and slender, very large, 
often curved. (See also Pl. ITI, fig. 2.) 

This is probably the most common variety of wheat in eastern Algeria, as its 
numerous names show. These names for the most part refer to the long, curved 
shape of the grain, ‘‘ Nab el Bel’’ meaning ‘‘ the eye tooth of a male camel;”’ ‘“‘Gem- 
goun,’’ the ‘‘beak of a vulture;’’ but ‘‘ Richi,’’ meaning “‘like a plume,”’ applies to 
the general shape of the spike. Wheats closely similar to this are widely cultivated 
in Tunis, Greece, and Egypt. The glumes of this variety are soft and parchment- 
like, and under a change of conditions the variety may readily sport toward the type 
of T. polonicum. When the variety is kept up, however, by careful selection it stands 
as one of the most important and best known of the Algerian durums. It is hardy 
and vigorous, will do well under a wide variety of conditions, and produces grain of 
extra large size and good quality. 


EL SAFRA. 
PEATE) NOVEL “Kre. 2 


Spike more or less curved; chaff smooth, soft and parchment-like; glumes usually 
more than 2 ecm. long; palea about one-half as long as flowering glumes; beards 
white or straw-colored, sparse and weak; grain amber, very long, slender and 
pointed. 

This variety is, so far as is known, of no great cultural or commercial value. The 
plants do not seem vigorous and the quality of the grain is not of the highest. The 
type is used here chiefly to show one of the extremes of variation found in the 
species T. durum. Hybrids between this and other species of wheat have given both 
interesting and valuable results. This is one of the radical types of wheat and the 
variation induced by crossing it with other varieties is very great. 
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WASHINGTON: 
GOVERNMENT PRINTING OFFICE. 
1902. 


LETTER OF TRANSMITTAL. 


U. S. DEPARTMENT OF AGRICULTURE, 
Bureau OF PLant INDUSTRY, 
OFFICE OF THE CHIEF, 
Washington, D. C., November 7, 1901. 
Str: I have the honor to transmit herewith a paper entitled A Col- 
lection of Economie and other Fungi, prepared by Mrs. Flora W. 
Patterson, of Vegetable Pathological and Physiological Investigations, 
and submitted by the Pathologist and Physiologist. It is respect- 
fully recommended that the paper be published as Bulletin No. 8 of 
this Bureau. 
Respectfully, B. T. GaLLoway, 
Chief of Bureau. 
Hon. James WILson, 
Secretary of Agriculture. 


Take Oks. 


This Office nas tor some time had in contemplation a distribution of 
its duplicate material to the various State agricultural experiment 
stations, and now offers to them and other interested workers such 
specimens as they may select from the list which follows. It is greatly 
to be regretted that all species represented in this list are notin sufficient 
quantity to permit the distribution to be made to the experiment 
stations at least in uniform sets. 

Each State agricultural experiment station is invited to compile its 
own set and to select from this list fifty specimens, which we will for- 
ward on request, but if preferred the selection will be made here. All 
specimens desired over fifty may be consideredasinexchange. Accounts 
will be opened with any station so that it may avail itself at once of 
this material, even if it is not yet in position to send the exchanges for 
specimens selected in excess of the fifty furnished free. Experiment 
station workers will be enabled by this means to add to their reference 
collections with but slight expense and trouble. There are, of course, 
many things common in certain parts of the country which are either 
rare or do not occur in other parts. We would like to get all kinds of 
material, whether common or not. Aid is solicited toward making 
this exchange a success. 

In establishing this exchange it is desired to extend its benefits not 
only to experiment station workers, but to specialists and all who are 
interested in the study of fungi from the economic standpoint. 

The arrangement proposed is to exchange specimen for specimen 
when those offered are well preserved, of good quality, in abundant 
quantity, and authentically determined, labeled, and already placed in 
mycological envelopes. 

In regard to exchanges for undetermined specimens and material in 
bulk requiring preparation for herbarium use, arrangements will be 
made by correspondence. 

The attention of specialists is called to the desirability of having 
type specimens of at least all American spécies deposited in the herba- 
rium of this Office, where they will always be accessible to those inter- 
ested. 

Address all correspondence to Mycological Exchange, Bureau of 
Plant Industry, Department of Agriculture, Washington, D. C. 

) ALBERT F. Woops, 
Pathologist and Physiologist. 


OFFICE OF THE PATHOLOGIST AND PHYSIOLOGIST, 
Washington, D. C., October 24, 1901. 
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A COLLECTION OF ECONOMIC AND OTHER FUNGI 
PREPARED FOR DISTRIBUTION. 


By Fuora W. Partrerson, Mycologist. 


INTRODUCTION. 


An examination of this list will show the collection to be geograph- 
ically very limited. It is hoped by the method now proposed to 
interest a large number of botanists whose collections may help ours 
to become more general in its nature and enable others to materially 
enhance the value of their herbaria at small expense. Advanced 
students in agricultural colleges may, under the directions of their 
instructors, be able to collect and contribute valuable material that 
will thus be made available to other workers and at the same time 
acquire a choice nucleus for their own herbaria. This plan will also 
accomplish the purpose of an exchange bureau for fungi which will 
be free from the awkward limitations of the usual exchange bureau. 
It will be easily adapted to the individual needs and circumstances of 
all classes interested. 

Much unidentified material is at hand to be worked up which, 
together with what is expected to be received in response to this issue, 
will warrant the publication of an additional catalogue as soon as the 
work can be accomplished. The attempt will be made in the future, 
as has been with this distribution, to verify all determinations, and 
no effort will be spared to make the collections as authentic as pub- 
lished sets of exsiccati. Species have been carefully compared with 
their types when such were available. Duplicates of all these speci- 
mens may be examined in our herbarium. 

The general arrangement and the nomenclature of the fungi are in 
the main that of Saccardo’s Sylloge Fungorum, and the nomenclature 
of the hosts is from Farlow and Seymour’s Host Index and Hooker 
and Jackson’s Index Kewensis. Names marked with an asterisk (*) 
are from the Index Kewensis. The above works are the ones used 
for general reference and the arrangement of our herbarium. No 
attempt has been made to keep strictly up to date with the rearrange- 
ment of groups by recent monographers, as an exchange like the 
present may much more appropriately adhere to standard works 
which are probably accessible to all. 
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th 


12. 


ECONOMIC AND 


UREDINEZ. 


ZEcidium abundans Pk. 

Symphoricarpus occidentalis. 
braska. 

ZEcidium apocyni Schw. 
Apocynum cannabinum. Virginia. 

ZEcidium clematidis DC. 
a. Clamatis ligusticifolia. 

braska. 


Ne- 


Ne- 


b. Clematis virginiana. Missouri. 


4Ecidium compositarum Mart. 
a. Artemisia ludoviciana. Mon- 
tana. 


b. Helianthus sp. Missouri. 
Minnesota. 


d. Solidago sp. ‘District of Co- 
lumbia, Missouri. 


c. Prenanthes alba. 


e. Solidago bicolor.* District of 


Columbia. 
ZEcidium cressze DC. 
Cressa truwillensis.* California. 
ZEcidium euphorbie Schw. 
Euphorbia preslii. Nebraska. 
ZEcidium fraxini Schw. 
a. Fraxinus sp. Massachusetts. 


b. Fraxinus americana. District 
of Columbia. 
ZEcidium gerardize Pk. 
Gerardia quercifolia. Michigan. 


ZEcidium houstoniatum Schw. 
Foustonia minima.* Texas. 


ZEcidium hydnoideum B. & C. 
Dirca palustris. Indiana. 


ZEcidium hypericatum Schw. 
Ascyrum crux-andrex. Missis- 
sippi. 
ZEcidium impatientis Schw. 
Impatiens pallida. Missouri; 
Virginia. 
ZEcidium ludwigie Ell. & Ever. 
LIudwigia hirtella.* Mississippi. 
ZEcidium lycopi Gerard. 
Lycopus virginicus. Maryland. 
4Ecidium peckii De Toni. 


(2nothera biennis. Towa. 


ZEcidium ptelez B. & OC. 
Ptelea trifoliata. Missouri. 


OTHER FUNGI. 
17. ZBcidium ranunculacearum DC. 
a a. Anemone cylindrica. Ne- 
 ‘braska. 
b. Ranunculus abortivus. —Ma- 
ryland. 


29. 


. ZEcidium reestelioides Ell. & Ever. 


Sidalcea malvaeflora. Colorado. 
ZEcidium sambuci Schw. 

Sambucus canadensis. Virginia. 
ZEcidium smilacis Schw. 

Smilax herbacea. Nebraska. 
ZEcidium thalictri flavi (DC.) 

Wint. 
Thalictrum fendleri. 


ZEcidium verbene Speg. 
Verbena stricta. Nebraska. 

ZEcidium xanthoxyli Pk. 
Xanthoxylum americanum. Mis- _ 


Colorado. 


souri. 
Calyptospora gcppertiana 
Kuhn. 
a. Vaccinium ovatum. Wash- 
‘a ington. 
b. Vaccinium parvifolium,.* 
Washington. 


Chrysomyxa albida Kuhn. 
a. Rubus cuneifolius.* Indiana. 
b. Rubus villosus. Illinois, In- 
diana, Kansas. 


Chrysomyxa pirole (DC.) Ros- 
trup. 
Pirola rotundifolia. District of 
Columbia, Massachusetts. 


Coleosporium ipomeee (8.) Bur- 
rill. 
a. Ipomea sp. Texas. 
b. Ipomea pandurata. 
nois. 


Illi- 


Coleosporium pini Galloway. 
Pinus inops. Maryland. 


Coleosporium sonchi-arvensis 
(>) bey 


a, Aster sp. Ohio, Vermont. 


b. Aster cordifolius. Indiana. 

c. Aster foliaceus var. eatoni. 
Montana. 

d. Aster macrophyllus. Michi- 
gan. 

e. Aster novx-anglix. Indiana. 

J. Aster paniculatus. Indiana. 


29. Coleosporium 


30. 


UREDINE. 9 


sonchi-arvensis 
(P.) Lév.—Continued. 
g. Aster puniceus. Indiana. 
h. Aster sagittifolius. Tllinois, 
Indiana, Nebraska. 
i. Aster shortii. Indiana. 
. Aster tradescanti. Indiana. 


J 

k. Solidago sp. District of Co- 
lumbia, Illinois, Mary- 
land. 

l. Solidago arguta. Indiana. 

m. Solidago cesia. Indiana. 

n. Solidago canadensis. Indi- 
ana. 

0. Solidago latifolia. Indiana. 

p. Solidago patula.* Illinois, 
Indiana. 

q. Solidago pauciflosculosa.* 
Mississippi. 

r. Solidago rugosa. Indiana. 

s. Solidago serotina. Indiana. 

t. Vernonia fasciculata. — IIli- 
nois, Missouri. 

u. Vernonia noveboracensis. In- 


diana. 
Cronartium  asclepiadeum 
(Willd.) Fr. var. quercuum Cke. 
Quercus sp. Maryland. 
Cronartium  asclepiadeum 
( Willd.) Fr. var. thesii Berk. 
a. Comandra pallida. Montana, 
“Nebraska. 
b. Comandra 
nois. 


umbellata. Ili- 


Gymnosporangium bermudia- 
num (Farl.) Earle. I. 


Juniperus virginiana.  Missis- 
sippl. 
Gymnosporangium  clavarie- 
forme (Jacq.) Rees. I. 
a. Crategus apiifolia. Indiana. 
b. Crategus coccinea. Indiana, 
Michigan. 
c. Crategus crus-galli. Indi- 
ana. 
d. Crategus spathulata.  Indi- 
ana. 
€. Crategus tomentosa. Illinois, 
Michigan. 
f. Pirus coronaria. Illinois. 
g- Pirus malus. District of 


Columbia, Maryland, New 
Jersey, North Carolina. 


34. 


35. 


36. 


38. 


Gymnosporangium clavipes C. 
& Pal, 


a. Crategus sp. (cult.).  Dis- 
trict of Columbia. 
b. Crategus coccinea. Missis- 


sippi. 
Gymnosporangium ellisii (B.) 
Farl. III. 
Chamecyparis spheroidea. Mas- 
sachusetts. 
Gymnosporangium globosum 
Far]. III. 
Juniperus virginiana. 
chusetts. 


Massa- 


Gymnosporangium macropus 
ket: 
a. Pirus coronaria. Indiana. 
b. Pirus malus. New Jersey. 
Gymnosporangium macropus 
ik, Jt: 
Juniperus virginiana. 
of Columbia. 


District 


Gymnosporangium nidus-avis 
Thaxter. I. 
Pirus malus. Indiana. 
Melampsora betulina (P.) Tul. 

Betula populifolia. Massachu- 
setts. 

Melampsora farinosa(P.) Schrot. 

a. Salix sp. Arizona, Illinois, 

Massachusetts, Michigan, 
Montana, Nebraska, Vir- 
ginia. 

b. Salix cordata. Montana. 

c. Salix flavescens. Washington. 

d. Salix longifolia. Montana. 

e. Salix rostrata. Montana. 

Melampsora hydrangee (B. & 
C.) Farl. 

Hydrangea arborescens. Dis- 
trict of Columbia, Illinois, 
Indiana, West Virginia. 

Melampsora lini (P.) Desm. 
a. Linum perenne. Colorado, 
Montana. 
_b. Linum rigidum. Montana. 


Melampsora populina (Jacq.) 
Léy. 


a. Populus angustifolia. Mon- 
tana. 

b. Populus balsamifera var. can- 
dicuns. Indiana. 


10 


44. 


45. 


46. 


48. 


49. 


51. 


52. 


ECONOMIC AND 


Melampsora populina (Jacq.) 
Lév.—Continued. 


c. Populus grandidentata. In- 
~ diana. 
d. Populusmonilifera. Illinois, 
Indiana. 
e. Populus tremuloides. Mon- 
tana. 
Melampsorella cerastii (P.) 
Schrot. 
Cerastium arvense. Montana. 
Peridermium pini Léy. 
a. Pinus sp. Georgia, Mis- 
souri. 
—~b. Pinus mitis. Maryland. 
Phragmidium potentille (P.) 


Karst. 
a. Potentilla dissecta. Montana. 
'b. Potentilla gracilis. Nebraska. 
c. Potentilla pennsylvanica, 
Montana. 


Phragmidium rubi-idei (P.) 
Wint. 
a. Rubus strigosus. Massachu- 
setts. 
b. Rubus villosus. West Vir- 
ginia. 


Phragmidium speciosum Fr. 
a. Rosasp. West Virginia. 
b. Rosa lucida. Mississippi. 
Phragmidium subcorticium 
(Schrk.) Wint. 


a. Rosa sp. Illinois. 


bh Rosa arkansana. Montana. 

c. Rosa hemispherica. Nebras- 
ka. 

d> Rosa lucida. Llinois, Indi- 
ana. 

e. Rosa nutkana.* Washing- 
ton. 


f. Rosa setigera.* Indiana. 


Puccinia aletridis B. & C. 
Aletris farinosa. Massachu- 
setts. 
Puccinia amphigena Dietel. 
Ammophila longifolia.* 
tana. 
Puccinia andropogonis Schw. 


Mon- 


a, Andropogon furcatus.  Ili- 
nois. 

b. Andropogon hallii. Nebras- 
ka. 


OTHER FUNGI. 


53. 


54. 


55. 


57. 


58. 


60. 


61. 


62. 


Puccinia andropogonis Schw.— 
Continued. 
ce. Andropogon scoparius. — Ili- 
nois, Iowa, Mississippi. 
Puccinia angustata Pk. 


a. Eriophorum cyperinum.  Il- 
linois. 

b. Eriophorum virginicum. 
Massachusetts. 


c. Scirpus sp. 
d. Scirpus atrovirens. 


West Virginia. 
Indiana. 
Puccinia apocrypta Ell. & Tracy. 
Asprella hystrix. Indiana. 
Puccinia argentata (Schultz) 
Wint. 
a. Impatiens fulva. 
Virginia. 
b. Impatiens pallida. West Vir- 
ginia. 


Indiana, 


Puccinia asparagi DC. 
Asparagus officinalis. 
Jersey. 
Puccinia asteris Duby. 
a. Aster sp. District of Co- 
lumbia, Missouri. 


New 


b. Aster cordifolius. Indiana. 
c. Aster paniculatus. Indiana. 
d. Aster shortti. Illinois. 


Puccinia balsamorrhize Pk. 
Balsamorrhiza sagittata. Mon- 
tana. 
Puccinia caricis (Schum.) Reb. 
a. Carex sp. Illinois, Indiana, 
Maryland, West Virginia. 
b. Carex bullata.* Indiana. 
c. Carex fenea.* Indiana. 
d. Carex lupulina.* Indiana. 
e. Carex pennsylvanica. Mon- 
tana. 
f. Carex stipata.* Montana. 
g. Carex straminea var. sperta. 
Montana. 
h. Carex straminea var. 
bilis. Indiana. 
i Carex virescens.* Indiana. 


Michi- 


mira- 


j Carex vulpinoidea.* 
gan. 
Puccinia caulicola Tracy & Gall. 
Unknown labiate. New Mexico. 
Puccinia circeeee Pers. 
Circea lutetiana. Illinois, Indi- 
ana, Michigan. 


63. 


64. 


“ik. 


72. 


75. 


UREDINE. 


Puccinia conoclinii Seymour. 
Eupatorium sp. Mlinois. 
Eupatorium celestinum. 

Virginia. 


West 


Puccinia coronata Cda. 
Avena sativa. Kansas. 
Holeus lanatus.* Mississippi. 


Puccinia convolvuli (P.) Cast. 


Convolvulus sepium. Mlinois, 
Michigan. 

Convolvulus spithameus.* Min- 
nesota. 


Puccinia cyperi Arthur. 
Cyperus sp. Illinois, Michigan, 
~ Texas. 
Cyperus erythrorhizos.* Michi- 
~ gan, 


Puccinia dayi Clinton. 


Steironema ciliatum. Indiana. 


Puccinia distichlydis Ell. & Ever. 
Distichhs maritima. Montana. 


Puccinia eleocharidis Arthur. 
Eleocharis ovata.* West Vir- 
ginia. 


Puccinia emaculata Schw. 


a. Panicum capillare. Illinois. 

b. Panicum virgatum. West 
Virginia. 

c. Triodia  cuprea. Illinois, 


Missouri, West Virginia. 
Puccinia epilobii DC. 

Gnothera biennis. 
New Hampshire. 


Maryland, 


Puccinia flaccida B. & Br. 
Panicum crus-galli. Ulinois. 


Puccinia fusca (Relh.) Wint. 
a, Anemone nemorosa. Massa- 
chusetts, Wisconsin. 
b. Anemone patens var. nuttal- 
liana. Colorado. 
Puccinia galii (P.) Wint. 
a. Galium aparine. Missouri. 
b. Galium asprellum. Indiana, 
West Virginia. 
_¢. Galium concinnum. Illinois, 
Indiana. 
d. Galiumtriflorum. Nebraska. 
Puccinia gayophyti Pk. 
Gayophytum ramosissimum. 
Arizona. 


76. 
—— 


85. 


86. 


87. 


89. 


| 


Puccinia gentianz (Str.) Lk. 
Gentiana andrewsti. Michigan. 


Puccinia glechomatis DC. 
Lophanthusnepetoides. Wlinois. 


Puccinia gonolobi Ray. 
a. Gonolobus hirsutus.* Missis- 


sippi. 
b. Vincetoxicum palustre.* Mis- 
_ . . . 

sissippi. 


Puccinia graminis Pers. I. 
Berberisvulgaris.* New Jersey. 


Puccinia graminis Pers. II & III. 

a. Agropyrum dasystachyum.* 
Michigan. 

b. Agrostis alba var. vulgaris. 
Illinois, West Virginia. 

c. Avena sativa. Kansas. 

d. Hordeum jubatum. Illinois. 

e. Poa compressa. Indiana. 

f. Poa pratensis. Indiana. 


Puccinia grindeliz Pk. 
Grindelia sp. Colorado. 


Puccinia heliopsidis Schw. 
a. Heliopsis levis. Minnesota. 
b. Heliopsis scabra.* Indiana. 


Puccinia heterogenea Lagh. 
Malva sp. Ecuador. 


Puccinia heterospora B. &C. 
Sida spinosa. Mississippi, Mis- 
souri. 


Puccinia hieracii (Schum.) Mart. 

a. Bidens bipinnata, Califor- 
nia. 

b. Cnicus undulatus. Montana. 

c. Crepis sp. Colorado. 

d. Taraxacum officinale. . Ili- 
nois, Massachusetts, New 
Jersey. 


Puccinia hyptidis (Curt.) Tracy 
& Earle. 


Hyptis radiata. Mississippi. 


Puccinia hysteriiformis Pk. 
aArenaria congesta, var. subcon- 
gesta. Montana. 


Puccinia intermixta Pk. 
Iva axillaris. Montana. 


Puccinia Jonesii Pk. 
Musenium tenuifolium. 
ka. 


Nebras- 


93. 


94. 


95. 


97. 


98. 
99. 
100. 


101. 


102. 


ECONOMIC AND 


Puccinia kansensis Ell. & Bar- 
thol. Buchle dactyloides. Kan- 
sas. 


Puccinia kuhnie Schw. 
Kuhua  eupatorioides. 
rado, [linois. 


Colo- 


Puccinia lateripes B. & Ray. 
a. Ruellia ciliosa. Illinois. — 
b. Ruellia  strepens. Illinois, 

Indiana. 

Puccinia malvacearum Mont. 

Althea rosea. California. 


Puccinia malvastri (Farl.) Pk. 
Malvastrum coccineum. New 
Mexico. 
Puccinia mariz-wilsoni Clint. 
Claytonia virginica. District of 
Columbia. 
Puccinia menthe Pers. 
a. Blephilia ciliata.* 
of Columbia. 
_b. Blephilia hirsuta. 
Towa. 
c. Cunila mariana. 
Columbia. 
d. Mentha canadensis. Illinois, 
Indiana, Washington. 
. Mentha canadensis var. glau- 
ca. Montana. 
. Monarda sp. Illinois. 
. Monarda fistulosa. Illinois, 
Indiana, Nebraska. 


District 
Indiana, 


District of 


\o 


SS 


h. Monarda  punctata. Min- 
nesota. 

a, Pycnanthemum _ linifolium. 
T)linois. 


Puccinia mesomegala B. & C. 
Clintonia uniflora.* Idaho. 


Puccinia miconiz Lagh. 
Miconia sp. Ecuador. 


Puccinia microsperma B. & C. 
Lobelia syphilitica. Indiana. 


Puccinia nardosmii Ell. & Ever. 
Petasites palmata. Canada. 
Puccinia ornata Arth. & Holw. 
Rumex britannica. New Hamp- 
shire. 
Puccinia peckiana Howe. 
a. Rubus sp. Delaware, Mis- 
sourl, New Jersey. 
b. Rubus strigosus. Kansas. 


OTHER FUNGI. 


102. 


Puccinia peckiana Howe— 
Continued. 
c. Rubus villosus. District of 


Columbia, Kansas. ~ 


108. Puccinia phragmitis (Schum. ) 


104. 


105. 


106. 


107. 


@ 


109. 


UO: 


Korn. 
Spartina cynosuroides. 
nois, Montana. 
Puccinia pimpinelle (Str.) Lk. 
a. Cherophyllum procumbens. 
District of Columbia, Vir- 


Tili- 


ginia. 

b. Osmorrhiza sp. Ohio, Vir. 
ginia. 

c. Osmorrhiza brevistylis. Wis- 
consin. 


Puccinia poarum Niels. 
Poa pratensis. Indiana. 


Puccinia podophylli Schw. 

Podophyllum peltatum.  Dis- 

trict of Columbia, Indiana, 
Mississippi, Missouri, Penn- 
sylvania. 
Puccinia polygoni- amphibii 
Pers. 

a. Polygonum sp. Montana. 

b. Polygonum amphibium. Mli- 
nois, Virginia. 

c. Polygonum hartwrightii. I- 
linois. 

d. Polygonum — virginianum. 
District of Columbia, Tli- 
nois, Michigan. 

Puccinia pruni-spinose Pers. 

a. Prunus sp. Kansas. 

b. Prunus americana. Illinois, 


Kansas, West Virginia, 
Texas. 

c. Prunus armeniaca.  Cali- 
fornia. 

d. Prunus hortulana. Texas. 

e. Prunus persica. California, 
Georgia. 

Ff. Prunus serotina. District of 


Columbia, Iowa. 


Puccinia purpurea Cke. 
Sorghum saccharatum. Texas. 


Puccinia rubigo-vera (DC.) 
Wint. 
a. Agropyrum divergens. Mon- 
tana. 
b. Agropyrum repens. New 


Jersey. 


110. 


a 
= 
i 


120. 


UREDINEA. 


Puccinia rubigo-vera (DC.) 
Wint.—Continued. 
c. Agropyrum tenerum.* Mon- 
tana. 

d. Avena sativa. 
e. Elymus virginicus. 
f. Poa sp. Montana. 
g. Secale cereale. New Jersey. 
h. Triticum vulgare. Missouri. 


Indiana. 
Illinois. 


i. Triticum vulgare var. Zim- 
merman. Kansas. 
Puccinia saxifrage Schl. 
a. Heuchera cylindrica. Mon- 


tana. 

_b, Saxifraga virginiensis. Dis- 
trict of Columbia. 
Puccinia scheleriana Plow. & 

Magnus. 
Carex stenolepis.* Indiana. 


Puccinia seymerie Burrill. 


a. Gerardia tenuifolia.* — Ili- 
nois. 

b. Seymeria macrophylla. Tli- 
nois. 


Puccinia silphii Schw. 
Silphium perfoliatum. Illinois, 
Towa. 


Puccinia smilacis Schw. 
Smilax sp. District of Colum- 
bia, Mississippi. 
Puccinia sorghi Schw. 
a. Zea mays. Illinois, Michi- 
gan. 
b. Tripsacum dactyloides. Kan- 
sas. 


Puccinia sporoboli. Arthur. 
Sporobolus asper. Mississippi. 
Puccinia stipe Arthur. 
Stipa comata. Montana. 


Puccinia suaveolens (P.) Ros- 
trup. 
a. Cnicus arvensis. 
sey. 
_b. Cnicus lanceolatus. 
ana. 


New Jer- 
Indi- 


Puccinia subnitens Dietel. 
Distichlis — maritima. New 
Mexico, South Dakota. 


Puccinia tanaceti DC. 
a. Artemisia cana. 
Nebraska. 


Montana, 


121. 


122. 


123. 


124. 


125. 


126. 


Fp 


128. 
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Puccinia tanaceti DC.—Con- 
tinued. 
b. Artemisia 
Montana. 
c. Artemisia tridentata. 
tana. 
d. Helianthus sp. District of 
Solumbia, Illinois. 
e. Helianthus annuus. Idaho, 


dracunculoides. 


Mon- 


Illinois, Indiana, Mon- 
tana. 

f. Helianthus divaricatus. In- 
diana. 


g. Helianthus 
Illinois, Nebraska. 

h. Helianthus letiflorus. 
braska. 

i. Helianthus petiolaris. Mon- 
tana, Nebraska. 

j. Helianthus strumosus. 
diana, Virginia. 

k. Helianthus  tracheliifolius. 
Indiana. 


grosse-serratus. 


Ne- 


In- 


Puccinia tanaceti DC., 

vernonie (S.) Burrill. 
Vernonia fasciculata. 
braska. 


var. 
Ne- 
Puccinia variolans Hark. 


Aplopappus spinulosus. 
tana. 


Mon- 


Puccinia veratri Duby. 
Veratrum californicum. 
rado. 


Colo- 


Puccinia verbesine Schw. 
a. Verbesinasp. West Virginia. 
b. Verbesina occidentalis. West 

Virginia. 

Puccinia viole (Schum.) DC. 
a. Violasp. Maryland. 
b. Viola cucullata. Indiana. 
c. Viola striata. Indiana. 


Puccinia windsoriz Schw. 
a. Muhlenbergia sp. Illinois. 
~b, Muhlenbergia mexicana. 


Kansas. 
Puccinia xanthii Schw. 
a. Ambrosia trifida. Illinois, 
Minnesota. 
b. Xanthium canadense. In- 


diana. 
ec. Xanthiumstrumarium.* In- 
diana, Maryland. 


132. 


133. 


134. 


135. 


136. 


137 


140. 


141. 


143. 


ECONOMIC AND OTHER FUNGI. 


Pucciniastrum crotonis (Burr. ) 
De Toni. 


Croton capitatus. Missouri. 


Pucciniastrum epilobii(Chaill. ) 
Otth. 
a,-Epilobium sp. Montana. 
b. Epilobiumcoloratum. Mon- 
tana, Nebraska. 2 


Ravenelia cassizecola Atk. 
Cassia nictitans.* Mississippi. 


Ravenelia glanduleformis B. 
& C. 
Tephrosiavirginiana. Illinois, 
West Virginia. 
Ravenelia opaca (Sey. & Earle) 
Dietel. 
Gleditschia triacanthos. 
nois. 


Illi- 


Triphragmium clavellosum 
Berk. 


Aralia nudicaulis. Maine. 


Triphragmium echinatum Lévy. 
Oenanthe californica. Califor- 
nia. 


Uredinopsis scolopendrii 
(Fckl.) Dietel. 
Onoclea sensibilis. 
setts. 


Massachu- 


. Uredo agrimoniz (DC.) Schrot. 


a. Agrimonia eupatoria. Thi- 
nois, Indiana, Minnesota, 
Nebraska. 

b. Agrimonia parviflora. West 
Virginia. 

Uredo cassandree Pk. & Clint. 

Cassandra calyculata. Michi- 

gan. 


Uredo cherimoliz Lagh. 


Anona cherimolia. Ecuador. 
Uredo fici Cast. 

Ficus carica. Mississippi. 
Uredo oxalidis Léy. 

Oxalis violacea. Texas. 
Uredo oxytropidis (Pk.) De 

Toni. 
Oxytropislamberti. Montana. 


Uromyces andropogonis Tracy. 
Andropogon virginicus. Mis- 
sissippi. 


144. Uromyces appendiculatus (P.) 
Lk. 

a. Phaseolus sp. Mississippi, 
New Jersey. 

b. Phaseolus diversifolius. In- 
diana. 

c. Phaseolus pauciflorus. THi- 
nois, Missouri. 


d. Phaseolus perennis. Indi- 
ana. 
e. Phaseolus vulgaris.  Illi- 
nois. 
145. Uromyces argophylle Sey- 
pa mour. 
Psoralea argophylla. North 
Dakota. 


146. Uromyces aristide Ell. & Ever. 
Aristida oligantha.* Illinois. 


147. Uromyces caladii (S.) Farl. 
i a. Arisema dracontium. 
Maryland, Missouri. 

b. Arisema triphyllum. Dis- 
trict of Columbia, Indi- 
ana, Maryland, Michi- 
gan. 

c. Peltandra undulata. Mich- 
igan, Virginia. 

d. Pontederia cordata. 
souri. 


Mis- 


Uromyces caryophyllinus 
(Schrk.) Schrot. 
Dianthus caryophyllus.* Dis- 
trict of Columbia. 
Uromyces eriogoni Ell. & Hark. 
Eriogonum microthecum?* 
Montana. 


148. 


149. 


150. Uromyces euphorbie C. & P. 
a. Euphorbia hypericifolia.* 
Illinois. 
b. Euphorbia serpyllifolia. 


Montana. 


Uromyces fabee (P.) De By. 

a. Lathyrus sp. Michigan, 
Minnesota, West Vir- 
ginia. 

b. Lathyrus polymorphus. Ne- 
braska. 


151. 


152. Uromyces geneste-tinctorize 
i. (P.) Fekl. 


Colutea arborescens. Kansas. 


UREDINE. 


158. Uromyces glycyrrhize (Rabh. ) 
Magnus. 
Glycyrrhiza lepidota. 
' nia, Montana. 


Califor- 


154. Uromyces graminicola Burrill. 
a. Glyceria fluitans. Illinois. 
b. Panicumvirgatum. Illinois. 


155. Uromyces hedysari-paniculati 
(S.) Farl. 

a. Desmodium sp. District of 
Columbia, Illinois, Mis- 
sissippi. 

b. Desmodium canescens. Mis- 
sourl. 

c. Desmodium — paniculatum. 
Illinois, Indiana. 


156. Uromyces howei Pk. 
a. Asclepias cornuti. Illinois, 
Indiana, West Virginia. 
b. Asclepiasincarnata. Lowa, 
West Virginia. 
c. Asclepias purpurascens.* 
Indiana. 


157. Uromyces hyperici (S.) Curt. 
7 a. Hypericum canadense.* In- 
7 diana. 
b. Hypericum mutilum. 
Virginia. 
c. Hypericum paludosum.* Il- 
linois. 


West 


Uromyces jonesii Pk. 
Ranunculus alismefolius var. alis- 
mellus. California. 


Uromyces junci (Desm.) Tul. 
a. Juncus effusus. West Vir- 
ginia. 

b. Juncus 
tana. 

c. Juncus tenuis. 


longistylis. Mon- 


Illinois. 


Uromyces lespedezez (S.) Pk. 
a. Lespedeza capitata.  Illi- 
nois, Michigan. 
b. Lespedeza polystachya.* 


Missouri, West  Vir- 
ginia. 
c, Lespedeza repens. District 


of Columbia, Colorado, 
Illinois, Indiana. 
d. Lespedeza reticulata.* 
diana. 
Lespedeza stuvei.* Missouri. 


In- 


as 


160. 


161. 
Z_ 
162. 


163. 


164. 


165. 


166. 


Gi“ 


168. 
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Uromyces lespedeze (S.) Pk.— 
Continued. 

Ff. Lespedeza violacea. Mis- 
sissippi, Missouri, Vir- 
ginia. 

Uromyces limonii (DC.) Lévy. 

Statice limonium. Mississippi. 

Uromyces piriformis Cke. 

Acorus calamus. Michigan. 


Uromyces polygoni (P.) Fckl. 


a. Polygonum sp. Illinois, 
Indiana, Minnesota, 
Missouri. 


b. Polygonum acre. 1llinois. 


c. Polygonum aviculare.  Illi- 
nois. 
d. Polygonum hydropipe- 


Tlinois. 
Uromyces rudbeckize Arth. & 
Holw. 


roides.* 


Rudbeckia laciniata. Illinois. 
Nebraska. 
Uromyces sophore Pk. 
Sophora sericea. Colorado. 
Uromyces spermacoces (S.) 
Curt. 
Diodia teres. Illinois, Mis- 
souri, Virginia. 
Uromyces terebinthi (DC.) 
Wint. 
Rhus toxicodendron. Indiana, 
Nebraska. 


Uromyces trifolii (Hedw.) 


Wint. 
a. Trifolium carolinianum. 
Texas. 
b. Trifolium inedium.* Indi- 
ana. 
ce. Trifolium pratense.  Indi- 


ana, Massachusetts, 
New Jersey, New York. 

d. Trifolium repens. Michi- 
gan. 


169. Uromyces wernerie Lagh. 


179. Uropyxis 


Werneria nubigena.* Ecuador. 


amorphe (Curt.) 


Schrot. 
a. Amorpha canescens.  Illi- 
nois. 
_-b. Amorpha  fruticosa. — Ili- 


nois, Mississippi. 


16 


U/l 


172. 


173. 


174. 


eis « 


178. 


179. 


- 
@ 
ery 


! 


= 
~ 


ECONOMIC AND 


Uropyxis petalostemonis 
(Farl.) De Toni. 
Petalostemon candidus. 
braska. 


Ne- 


USTILAGINEZ. 


Cerebella paspaliCke. & Massee. 
Panicum virgatum. Missis- 
sippi. 
Cintractia junci (S.) Trel. 
Juncus tenuis. Massachusetts. 
Entyloma compositarum Farl. 
a. Ambrosia trifida. District 
of Columbia, Missouri. 
b. Lepachys pinnata. Lowa. 
Entyloma menispermi Farl. & 
Trel. 
Menispermum canadense. I)li- 
nois. 


Entyloma physalidis (Kalch. & 


Cke.) Wint. 
a. Physalis philadelphica. In- 
diana. 
b. Physalis virginiana. Mich- 
igan. 


Entyloma ranunculi_ (Bon.) 
Schrét, forma thalictri Farl. 
Thalictrum purpurascens. I1li- 
nois. 


Entyloma sanicule Pk. 


Sanicula marylandica. Towa. 


Entyloma serotinum Schrot. 
Mertensia pumonarioides ?* 


Maryland. 
Graphiola phoenicis (Moug.) 
Poit. 
Phenix canariensis.* — Cali- 
fornia. 


Sorosporium syntherismee (8. ) 
Farl. 


a. Cenchrus tribuloides.  Illi- 
| mois, 
b. Panicum proliferum. — Ihi- 
nois. 
c. Panicum sanguinale. Mis- 
sissippi, Missouri. 
Sphacelotheca hydropiperis 
(Schum. ) De By. 
Polygonum sagittatum. West 


Virginia. 


OTHER FUNGI. 


184. 


185. 


186. 


187. 


188. 


189. 


190. 


— 
® 


Urocystis agropyri (Preuss.) 
Schrot. f 
Agropyrum 
chusetts. 


repens. Massa- 


Urocystis (P.) 
Schrot. 
Anemone acutiloba. 


anemones 


Towa. 


Urocystis waldsteiniz Pk. 

Waldsteinia fragarioides. New 

York. 
Ustilago 
Speg. 

a. Polygonum sp. District of 
Columbia, Illinois, Mis- 
sourl. 

b. Polygonum hydropiper. Dis- 
trict of Columbia. 

ce. Polygonum pennsylvanicum. 
Missouri. 


austro - americana 


Ustilago avene (P.) Jensen. 
Avena sativa. Tennessee. 

Ustilago caricis (P.) Fckl. 
a. Carex filifolia. Montana. 
b. Carex pennsylvanica. Mon- 

tana. 
Ustilago diplospora Ell. and 
Ever. 


Panicum sanguinale. Missis- 
sippl. 
Ustilago lineata Cke. 
Zizania aquatica. Nebraska. 


Ustilago maydis (DC.) Cda. 
Zea Mays. Indiana. 


Ustilago minima Arthur. 
Stipa comata. Montana. 


Ustilago montaniensis Ell. & 
Ever. 

Muhlenbergia glomerata 

setiformis. Montana. 


var. 


Ustilago neglecta Niessl. 
a. Setaria. sp. Lowa. 
b. Setaria glauca. 
Massachusetts. 


Tllinois, 


Ustilago ornata Tracy & Earle. 
Leptochloa mucronata.* —Mis- 
sissippi. 
Ustilago pustulata Tracy & 
Karle. 
Panicum proliferum. 
sippi. 


Missis- 


197. 


198. 


199. 


200. 
201. 


202. 


203. 


204. 


205. 


206. 


207. 


208. 


USTILAGINEA—PHYCOMYCETE#. 


Ustilagorabenhorstiana Kiihn. 
Panicum sanguinale. Mary- 
land. 


Ustilago sorghi (Lk.) Pass. 
Sorghum vulgare. (Kansas. 
Ustilago spermophora B. « C. 
a. Eragrostis major. Lowa. 
b. Eragrostis minor. * Tlli- 
nois. 
Ustilago tritici (P.) Jensen. 
Triticum vulgare. Michigan. 
Ustilago uniole Ell. & Ever. 
Uniola gracilis. Mississippi. 
Ustilago utriculosa (Nees) 
Tul. 
a. Polygonum sp. 
Mississippi. 
b. Polygonum pennsylvanicum. 
Illinois, Missouri, West 


Illinois, 


Virginia. 
Tilletia corona Scribner. 
a. Leersia oryzoides. District 
of Columbia. 
b. Leersia virginica. Illinois. 
c. Panicum virgatum.  Illi- 
nois. 
Tilletia horrida Tak. 
Oryza sativa. Japan. 


PHYCOMYCETES. 


Albugo amaranthi (S.) Kuntze. 
a. Amarantus albus. Mon- 
tana. 
b. Amarantuschlorostachysvar. 
hybridus. Indiana. 
c. Amarantus retroflexus. 
diana, Michigan. 
Albugo candida (P.) Kuntze. 
- a. Brassica alba.* Indiana. 
b. Capsellabursa-pastoris. Dis- 
trict of Columbia. 


In- 


Albugo ipomces-pandurans 
(S.) Swingle. 
a. Ipomea batatas. 
sey. 
b. Ipomea pandurata Indi- 
ana, Missouri. 


Albugo platensis (Speg.) Swin- 


New Jer- 


gle. 
a. Boerhaavia erecta.* Flor- 
ee Gas 


13005—No. 8—02——2 


208. 


209. 


210. 


211. 


212. 


213. 


0 
rary 
[o>} 


217. 
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Albugo platensis (Speg.) Swin- 
gle—Continued. 
b. Boerhaavia hirsuta? * Flor- 
ida. 
Albugo portulacee (DC.) Kuntze. 
Portulaca oleracea. Dis- 
trict of Columbia. 
Albugo tragopogonis (P.) §. 
F. Gray: 
Ambrosia —artemisizfolia. 
New York. 
Bremia lactuce Regel. 
a. Lactucasp. Illinois, Mary- 
land, West Virginia. 
b. Lactucaintegrifolia.* Mary- 
land. 
ce. Lactuca leucophea. 
land. 
d. Lactuca sativa. Maryland. 


Mary- 


Peronospora alta Fckl. 
Plantago sp. Indiana. 


Peronospora arthuri Farl. 
Oenothera biennis. Maryland, 
Massachusetts. 
Peronospora calotheca De By. 
Galium triflorum. Wisconsin. 
Peronospora corydalis De By. 
Corydalis glauca.* Massachu- 
setts. 
Peronospora effusa (Grey.) 
Rabh. 
a. Chenopodium album. Indi- 
ana. 
b. Spinacea oleracea. 
Island. 


Rhode 


Peronospora ficarie Tul. 
Ranunculus acris. Massachu- 
setts. 
Peronospora lamii A. Braun. 
Lamium amplexicaule.*  Vir- 
ginia. 
Peronospora myosotidis De By. 
Myosotis verna. Michigan. 
Peronospora obovata Bon. 
Spergula arvensis. Maine 
Peronospora parasitica (P.) 
Tul. 
a. Dentarialaciniata. District 
of Columbia, Maryland. 
5b. Lepidium virginicum. New 
Jersey. 


224. 


229. 


280, 


231. 


232. 


233. 


ECONOMIC AND 


Peronospora potentille De By. 
Potentilla norvegica. Mary- 
land. 


Peronospora rubi Rabh. 
a. Rubus sp. Maryland. 
b. Rubus canadensis. Mary- 
of Hand. 
Peronospora rumicis Cda. 
Polygonum  dumetorum 
scandems. Indiana. 


var. 


Peronospora sordida Berk. 
Scrophularia nodosa. Ilinois. 


Peronospora vicize (B.) De By. 
Vicia sativa. Virginia. 
Peronospora viol De By. 
Viola tricolor var. arvensis. 
Illinois. 
Phytopthora infestans (Mont. ) 
De By. 
Solanum tuberosum. New Jer- 
sey, New York, Vermont. 
Plasmopara australis (Speg.) 
Swingle. 


Sicyos angulatus. Indiana. 


Plasmopara cubensis (B. & C.) 
Humph. 
a. Cucumis sp. Texas. 


b. Cucumis sativus. | Mary- 
land. 
Plasmopara entospora (R. & 
C.) Schrot. 
Aster nove-angliz. Mary- 
land. 


Plasmopara geranii (Pk. ) Berl. 
& De Toni. 
a. Geranium — carolinianum. 
Indiana, Missouri, New 
Jersey. 
b. Geranium maculatum. Dis- 
trict of Columbia. 


Plasmopara halstedii (Farl.) 
Berl. & De Toni. 

a. Bidens connata. 

b. Bidens frondosa. 


Plasmopara obducens Schrot. 
Impatiens sp. Michigan. 


Indiana. 
Indiana. 


Plasmopara pygmea (Ung.) 
Schrot. 
Anemone 
gan. 


Michi- 


dichotoma. 


OTHER FUNGI. 


236. 


237. 


238. 


239. 


240. 


241. 


242. 


248. 
244. 


245. 


246. 
247. 


248. 


Plasmopara ribicola Schrot. 
Ribes divaricatum. Washing- 
ton. 
Plasmopara viburni Pk. © 
Viburnum opulus. Maryland. 


Plasmopara viticola (B. & C.) 
Berl. & De Toni. 
a. Vitis sp. Illinois, Indiana, 
Massachusetts, Ohio. 
b. Vitis sp., cult. var. Mench. 
Mississippi. 
c. Vitis xstivalis. 
d. Vitis cordifolia. 
Sclerospora graminicola(Sacc. ) 
Schrot. 
a. Setaria italica. 
b. Setaria viridis. 


Tlinois. 
Indiana. 


Michigan. 
Towa. 


Synchytrium decipiens Farl. 
a. Amphicarpea sp. Minne- 
sota. 
b. Amphicarpxa monoica. In- 
diana. 


c. Apios tuberosa. Missouri. 


Synchytrium papillatum 

Farl. ; 
Erodium cicutarium. 
nia. 


Califor- 


Synchytrium pluriannulatum 
(Hark. ) Farl. 
Sanicula marylandica. Michi- 
gan. 


PYRENOMYCETEZ. 


Asterina inquinans Ell. & Ever. 
Sabal adansonii. Mississippi. 


Asterina pelliculosa Berk. 
Ilex lucida. Florida. 


Claviceps purpurea (Fr.) Tul. 
a. Agropyrum sp. South Da- 
kota. 
b. Elymusvirginicus. Illinois. 
c. Phalaris arundinacea. New 
York. 
d. Spartina stricta. California. 
Didymella culmigena Sacc. 
Muhlenbergia sp. Mississippi. 
Epichloe typhina (P.) Tul. 
Glyceria nervata. Missouri. 
Erysiphe cichoracearum DC. 
a. Achillea millefolium. Mon- 
tana. 


PYRENOMYCETEZ. 


248. Erysiphe cichoracearum DC.— 
Continued. 
b. Actinomeris squarrosa.  Il- 


linois, Indiana, Mary- 
land. 

ec. Ambrosia —artemisixfolia. 
Indiana. 


d. Ambrosia trifida. Indiana. 

e. Artemisia ludoviciana. 
Montana. 

jf. Aster sp. District of Co- 
lumbia, Ohio. 

g. Aster communis. Montana. 

h. Aster cordifolius. Indiana. 

i. Aster longifolius. Montana. 

j. Aster paniculatus. Indiana. 

k. Aster puniceus. Indiana. 

l. Bigelovia graveolens var. al- 


bicaulis, Montana. 

m. Cnicus altissimus. Indiana. 

n. Eupatorium  purpureum. 
Indiana. 

0. Helianthus decapetalus. In- 
diana. 

p. Helianthus tuberosus.  In- 
diana. 

q. Helianthus tuberosus var. 
subcanescens. Indiana. 

r. Parietaria pennsylvanica. 
Indiana. 

s. Phlox sp. District of Co- 
lumbia. 


t. Phlox paniculata. Indiana. 


u. Solidago canadensis. Indi- 
ana. 

v. Verbena hastata. Illinois. 
w. Verbena stricta. Illinois, 
Indiana. ‘ 

x. Vernonia fasciculata. Ili- 

nois. 
y. Vernonianoveboracensis. In- 
diana. 


z Xanthium — strumarium.* 
District of Columbia, 
Indiana, Maryland, Mis- 
sourl. 


249. Erysiphe communis (Wallr.) 
Fr. 
a. Amphicarpxa monoica. Il- 
linois, Indiana. 
b. Apios tuberosa. Indiana. 
ce. Clematis virginiana.  In- 
diana. 
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249. Erysiphe communis (Wallr.) 
Fr.—Continued. 

d. Cuphea viscoscissima. 
Maryland. 

e. Geranium maculatum. 
diana. 

f. Lupinus perennis. 
Michigan. 

g. Ranunculus abortivus. 
diana. 

hh. Thermopsis montana. Col- 
orado. 


In- 
Tllinois, 


In- 


250. Erysiphe galeopsidis DC. 
a. Stachys aspera. Indiana. 
b., Stachys ciliata var. pubens. 
Washington. 


251. Erysiphe graminis DC. 
a. Agropyrum sp. Montana. 
b. Agropyrum glaucum. Mon- 
tana. 
c. Poa tenuifolia. 
Erysiphe trina Hark. 
Quercus agrifolia. 


Montana. 


252: 
California. 
253. Gnomonia ulmea Thiim. 


Ulmus americana. Canada. 


254. Gnomoniella coryli (Batsch.) 
Sace. 
Corylus rostrata. Washington. 
Gnomoniella fimbriata (P.) 
Sace. 
Carpinus caroliniana. 
Virginia. 


255. 
West 
256. Hypomyces lactifluorum 
(Schw.) Tul. 
Lactarius sp. New Jersey. 
Lestadia bidwellii (Ell.) Viala 
& Ravyaz. 

a. Ampelopsis quinquefolia. 
District of Columbia, 
Illinois. 

b. Vitis sp. District of Co- 
lumbia, Illinois, Mary- 
land, North Carolina, 


257. 


Ohio. 

c. Vitis cordifolia. Illinois, 
Indiana. 

d. Vitis vinifera var. Mission. 
Texas. 


258. Lestadia 
Earle. 
Illicium floridanum.* Missis- 
sippi. 


illicicola Tracy & 


264. 


265. 


ECONOMIC AND 


Lembosia angustiformis Tracy 
«& Earle. 
Ilex coriacea. Mississippi. 
Leptospheria obtusispora 
Speg. 
Yucca sp. Mississippi. 
Meliola cameliz (Catt.) Sacc. 
Citrus aurantium. Florida. 
Meliola palmicola Wint. 
Sabal serrulata. Florida. 
Microsphera alni (DC.) Wint. 
a. Alnus serrulata. Mary- 
land. 
b. Carya sulcata. 
c. Castanea sativa. 
ginia. 
d. Ceanothus americanus, Illi- 
nois, New York. 
e. Corylus americana. 
nois. 
f. Fagus ferruginea. Indiana, 
New York. 
Juglans nigra. Indiana. 
Lonicera oblongifolia. Ohio. 
Lonicera perfoliata. Iowa. 
Platanus occidentalis. Dis- 
trict of Columbia, In- 
diana. 
k. Virbunum 
diana. 
1. Virbunum lentago. Lowa. 
m. Virburnum — prunifolium. 
Indiana. 
Microsphera diffusa ©. & P. 
a. Desmodium sp. District of 
Columbia, Illinois. 
b. Desmodium canadense.  Ll- 
linois, Iowa. 
c. Desmodium 
Maryland. 
d. Lespedeza capitata Ilinois. 


Indiana. 
West Vir- 


Ihi- 


SSE eo 


In- 


dentatum. 


canescens. 


Microsphera elevata Burrill. 
Catalpa sp. District of Co- 
lumbia. 


Microspheera erineophila Pk. 
a. Hagus sp. District of 
Columbia. 
b. Fagus ferruginea. District 
of Columbia, Illinois. 
Microsphera euphorbie B. &C. 
Euphorbia corollata., Illinois, 
Maryland. 


OTHER FUNGI. 


268. 


269. 


0k. 


(©) 
~J 
(v*) 


: 


274. 


275. 


276. 


Microsphera grossularie Lév. 
a. Sambucus sp. Ohio. 
b. Sambucus canadensis. New 
York. 
Microsphera (S.) 
Burrill. 
a. Quercus sp. Iowa, Michi- 
gan, West Virginia. 
b. Quercus bicolor. 


quercina 


c. Quercus bicolor > macro- 
carpa. Indiana. 

d. Quercus bicolor x michauxii. 
Indiana. 


e. Quercus coccinea. District 
of Columbia, Virginia. 
f. Quercus lyrata. Indiana. 


g. Quercus macrocarpa.  In- 
diana. 
h. Quercus palustris. Illinois. 


i. Quercus prinoides. Kansas. 
j. Quercus prinus. Indiana. 
k. Quercus rubra. Illinois, 
Indiana. 
Microspheera ravenelii Berk. 
a. Gleditschia triacanthos. In- 
diana, Mississippi. 

b, Vicia americana, var. line- 
aris. Montana. 
Microsphera russellii Clint. 

Oxalis corniculata var. stricta. 
Illinois. 
Microsphera semitosta B. & C. 


Cephalanthus occidentalis. In- 
diana. 
Microsphera symphoricarpi 
Howe. 
‘a. Symphoricarpus sp. Mis- 
souri. 
b. Symphoricarpus vulgaris. 
Missouri. 
Microsphera syringe (S.) 
Magnus. 


Syringa vulgaris. District of 
Columbia, Illinois, Indiana. 
Microspheera vaccinii C. & P. 
a. Vaccinium sp. District of 
Columbia. 
b. Vaccinium canadense. 
nois. 
Montagnella heliopisdis (S.) 
Sace. 
Fieliopsis ? hirsuta. 
sippi. 


Tlli- 


Missis- 


277. 


279. 


280. 


281. 


PYRENOMYCETE A. 


Ophiobolus anguillides (Cke. ) 
Sace. 
Ambrosia artemisizxfolia. 
sissippi. 


Mis- 


Parodiella perisporioides (B. & 
C.) Speg. 


Rhynchosia tomentosa var. 
erecta, Mississippi. 
Phyllachoraflabella (8. ) Thtim. 
Pteris aquilina. West Vir- 

ginia. 
Phyllachora graminis (P.) 
Fcekl. 

a. Andropogon furcatus.  Illi- 
nois. 

b. Distichlis maritima. New 
Mexico. 

c. Elymus sp. Illinois. 

d. Elymus canadensis. Indi- 
ana, West- Virginia. 

e. Elymus virginicus.  Vir- 


ginia. 

f. Muhlenbergiamexicana. In- 
diana, Michigan. 

g. Sporobolus cuspidatus. Min- 
nesota. 

h. Sporobolus 
Montana. 


Phyllactinia suffulta (Reb.) 
Sace. 
a. Alnus rubra. Washington. 


depauperatus. 


b. Carpinus caroliniana. In- 
diana. 

c. Celastrus scandens.  Indi- 
ana. 

d. Cephalanthus occidentalis. 
Indiana. 

e. Cornus nuttallii.* . Wash- 
ington. 

Jf. Cornus stolonifera. Mon- 
tana, New York. 

g. Corylus americana. Tlli- 
nois, Indiana. 

h. Crategus coccinea. New 
York. 

i. Crategus tomentosa.  Illi- 
nois. 

j. Fraxinus sp. Illinois. 

k. Fraxinus americana.  In- 
diana. 

1. Fravinus pubescens. Indi- 


ana, Michigan. 


281. 


282. 


283. 


284. 


285. 


286. 


288. 


289. 
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Phyllactinia suffulta 
Sacc.—Continued.. 
m. Fraxinus quadrangulata.* 
Indiana. 
n. Fraxinus sambucifolia. In- 
~ diana, Michigan. 
0. Liriodendron tulipifera. In- 
diana. 
p. Ostrya virginica. 
Illinois. 
Yq. Quercus coccinea. Indiana. 
r. Quercus palustris. Indiana. 
s. Vaccinium stamineum. West 
Virginia. 


(Reb. ) 


Indiana, 


Physalospora arthuriana Sacc. 
Baccharis sp. Mississippi. 
Physalospora aurantia Ell. & 
Ever. 
Astragalus pectinatus. 

tana. 


Mon- 


Plowrightia morbosa (S.) Sace. 
a. Prunussp. Maryland, West 
Virginia. 
b. Prunus americana. 
land. 


Mary- 


Plowrightia symphoricarpi 
Ell. & Ever. 
Symphoricarpus 
Montana. 


occidentalis. 


Podosphera biuncinata C. & P. 
Hamamelis virginiana. Illi- 
nois. 
Podospheraoxyacaunthe (DC. ) 
De By. 


a. Crategus coccinea. Michi- 
gan. 

b. Crategus crus-galli, Indi- 
ana. 

c. Crategus spathulata.* In- 
diana. 

d. Cydonia vulgaris. Indiana. 

e. Prunus americana. Indi- 

ana. 

f. Prunus cerasus. Indiana, 


New York. 
Scorias spongiosa (S.) Fr. 
Alnus sp. Maryland. 


Spherella andromede Tracy & 
Earle. 
Andromeda 
sippi. 


nitida. Missis- 
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290. 


291. 


292. 


293. 


294. 


295. 


299. 
ae 


ECONOMIC AND OTHER FUNGI. 


Spherella annulata Cke. 
Magnolia glauca. Mississippi. 
Spherellafragarie (Tul.) Sacc. 
a. Fragaria sp. District of 
Columbia, Indiana. 
b. Fragariaelatior.* Indiana. 
Spheerella fraxinicola (8. ) Cke. 
Fraxinusamericana. Indiana. 


Spherella quadrangulata Ell. 
& Ever. 

Fraxinus 

Missouri. 


quadrangulata.* 


Spherotheca castagnei Lév. 

a. Bidens chrysanthemoides. 
Indiana. 

b., Bidens connata. 

c. Bidens frondosa. 
Indiana. 

d. Brunellavulgaris. Indiana. 

é. Erechtites hieracifolia. In- 


Indiana. 
Illinois, 


diana. 

f. Gerardia sp. District of 
Columbia. 

ge Pedicularis canadensis. 

Michigan. 

h, Pedicularis lanceolata.* In- 
diana. 

i. Veronica virginica.  Illi- 
nois. 


Spherotheca humuli (DC.) 
Burrill. 
a. Ayrimonia eupatoria. Indi- 
ana. 
b. Geum album. Indiana. 
Gilia linearis. Montana, 
North Dakota. 


Libs 


Spherotheca lanestris Hark. 
Quercus prinus. Mississippi. 
Spherotheca mors-uve (S.) B. 
& C. 
a. Ribes sp. New York. 
b. Ribes floridum. Nebraska. 
Spheerotheca pannosa (Wallr. ) 
Lév. 
a. Rosa lucida. Indiana. 
b. Rubus spectabilis.* Wash- 
ba ington. 
Spherotheca phytoptophila 
Kell. & Swingle. 
a. Celtis occidentalis. 
Missouri. 


Kansas, 


300. 


305. 


308. 


309. 


310. 


Uncinula circinata C. & P. 
a. Acer rubrum. Indiana. 
b. Acer saccharinum. Indi- 
Be - 


ana. 
c. Acer saccharinum var. ni- 
grum. Indiana. 


Uncinula clintonii Pk. 
Tilia americana. Illinois, In- 
diana, Michigan. 
Uncinula flexuosa Pk. 
Esculus glabra. Indiana. 
Uncinula geniculata Gerard. 
Morus rubra. Indiana, Kan- 
sas. 
Uncinula macrospora Pk. 


a. Ulmus americana. Lowa, 
Mississippi. 
b, Ulmus fulva. Indiana. 


Uncinula necator (S.) Burrill. 

a. Ampelopsis — quinquefolia. 
District of Columbia, 
Indiana. 

b. Vitis sp. (cult.). District 
of Columhia, Illinois, 
Indiana, Maine. 

c. Vitis vinifera. California. 

Uncinula parvula C. & P. 

Celtis occidentalis. Illinois, 

Indiana. 
Uncinula polycheta (B. & C.) 
Tracy & Gall. 
Celtis mississippiensis.* Missis- 
sippl. 
Uncinula salicis (DC.) Wint. 

a. Populustremuloides. Iowa, 
Montana. 

6. Salix sp. Illinois, Massa- 
chusetts, Michigan, Min- 
nesota. 

Salix caprea var. pendula. 

New York. 

d. Salix flavescens. 
ton. 

e. Salix flavescens var. scouleri- 
ana. Montana. 

f. Salix nigra. Indiana. 

g. Salix sericea. Indiana. 

Thielavia basicola Zopf. 

Viola sp. Maryland. 
Trabutia quercina (Fr. & Rud.) 
Sace. & Roum. 

(Quercus virens. 


c 


Washing- 


Mississippi. 


311. 


312. 


3138. 


314. 


315. 


316. 


317. 


825. 


DISCOMY CETE#—SPH #ROPSIDEX. 


Valsa nivea (Hoffm.) Fr. 
Populus tremuloides. 
tana. 
Winteria lobata Tracy & Earle. 
Tlex lucida. Mississippi. 


Mon- 


DISCOMYCETEZ. 


Dermatea carnea (Cke. «& Ell.) 
Unrecognized bark. Mary- 
land. 
Exoascus deformans (Berk.) 
Fckl. 
Prunus persica, 
New Jersey. 
Niptera ellisii Rehm. 
Ammophila longifolia.* Mon- 
tana. 


Georgia, 


Pseudopeziza trifolii Fckl. 
Trifolium pratense. Washing- 
ton. 
Rhytisma acerinum (P.) Fr. 
a. Acer dasycarpum. Illinois, 
New Jersey, Virginia, 
West Virginia. 
b. Acer rubrum. West Vir- 
ginia. 
Rhytisma andromede (P.) Fr. 
Andromeda polifolia. Michi- 
gan. 
Rhytisma punctatum (P.) Fr. 
a. Acer sp. West Virginia. 
b. Acer macrophyllum. Wash- 
ington. 
Rhytisma solidaginis Schw. 
Solidago lanceolata. Vermont. 
Rhytisma vaccinii Fr. 
Vaccinium sp. West Virginia. 
Stictis arundinacea Pers. 
Andropogon sp. Mississippi. 
Taphrina aurea (P.) Fr. 
Populus balsamifera. Towa. 


Taphrina czrulescens (Mont. 
& Desm.) Tul. 


a. Quercus sp. Florida, 
Georgia. 
b. Quercus nigra. Georgia. 


_¢. Quercus tinctoria. Massa- 


chusetts. 
Taphrina ulmi (Fckl.) Johans. 
Ulmus campestris.* Texas. 


326. 


827. 


329. 


330. 


331. 


332. 


333. 


334. 
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Taphrina virginica Sadeb. & 
Seymour. 


Ostrya virginica, Massachu- 
setts. 
SPHZEROPSIDEZ. 


Actinonema rose (Lib.) Fr. 
Rosa sp. District of Colum- 
bia, Missouri, New Jersey. 


Ascochyta paulowniz Sacc. & 
Brun. 
Paulownia imperialis. 
trict of Columbia. 


Dis- 


Asteroma liriodendri Cke. 
Liriodendron tulipifera. Dis- 
trict of Columbia. 
Cicinnobolus cesatii De By. 


a. Aster shortii. Indiana. 
b. Hydrophylium  virginicum. 
2. b 


Indiana. 
c. Rudbeckia triloba. Indi- 
~~ ana. 
d. Solidago arguta. Indiana. 


e. Solidago canadensis var. 
procera. Indiana. 

f. Solidago latifolia. Indiana. 

g. Taraxacum officinale. In- 
diana. 


Coniothyrium concentricum 
(Desm. ) Sace. 
a. Yucca sp. 
lina. 
b. Yueca angustifolia.  Dis- 
trict of Columbia, Mis- 
souri. 


North Caro- 


Coniothyrium diplodiella 
(Speg. ) Sace. 
Vitis sp. var. nigra. 
Carolina. 
Darluca filum (Biy.) Cast. 
a. Calamintha  clinopodium. 
West Virginia. 
b. Carex sp. Indiana. 
c. Potentilla canadensis. 


South 


Ohio. 
d. Salix sp. Maryland, West 
Virginia. 


Diplodia hesperidica Speg. 
Citrus aurantium.  Missis- 
sippi. 


94 ECONOMIC AND 


335. Discosia rugulosa B. & C. 


Carya alba, Illinois. 


Entomosporium maculatum 
Léy. 
a. Cydonia sp. 
New York. 
b. Cydonia vulgaris. Michi- 
gan, New Jersey. 2 
c, Pirus communis. Georgia, 
New York, Texas. 
d. Pirus malus. New York. 
e. Pirus sinensis.* New Jer- 
sey. 


Delaware, 


8337. Hendersonia mali Thiim. 


Pirus malus.  Tllinois. 


338. Kellermania yuccegena Ell. 
& Ever. 


Yucca sp. 


Melasmia gleditschie Ell. & 
Ever. 
Gleditschia triacanthos. 


sas. 


Mississippi. 


Kan- 


Phleospora aceris (Lib.) Sacc. 
a. Acer dasycarpum. Illinois, 
Kansas, Michigan, Min- 
nesota, Missouri. 
b. Acer rubrum. Indiana. 


341. Phleospora anemones Ell. & 
Kell. 


Anemone virginiana. 
chusetts. 


Massa- 


Phleospora mori (Léy.) Sace. 
Morus rubra. District of Co- 
lumbia. 


1) 
ns 
iv) 


Phleospora ulmi (Fr.) Wallr. 
a. Ulmus sp. Michigan. 
b. Ulmus americana. District 
of Columbia, Illinois. 
c. Ulmus fulva. District of 
Columbia, Illinois, Indi- 
ana, Kansas. 


) 


844. Phoma maculans (B. & C.)Sacc. 
Bumelia sp. Mississippi. 

Phoma uvicola B. & C. 

Lestadia bidwellii 


(Ell.) Viala & Ravaz. 


See 


845. Phoma virginiana Ell. & Hal- 


sted. 


Prunus virginiana. Illinois. 


OTHER FUNGI. 


346. 


347. 


349. 


350. 


351. 


356. 


Phyllosticta acericola C. & E. 
a. Acer dasycarpum. Mis- 
souri, New Jersey. 
b. Acer platanoides* New Jer- 
sey. 
c. Acer rubrum. 
ginia. 
Phyllosticta zsculi Ell. & Mart. 
a. Asculus sp. District of 
Columbia. 


Maine, Vir- 


b. ABsculus glabra. Missouri. 
c. Aisculus ~ hippocastanwn. 
District of Columbia, 


Maryland. 
Phyllosticta ampelopsidis Ell. 
& Mart. 
See Lestadia bidwellii 
(Ell.) Viala & Ravaz. 


Phyllosticta asimine Ell. & 
Kell. 
Asimina triloba. District of 
Columbia, Indiana, Mary- 
land, Missouri. 


Phyllosticta catalpe Ell. & 
Mart. ; 
Catalpa bignonioides. District 
of Columbia. 
Phyllosticta celtidis Ell. «& 
Kell. 


%eltis occidentalis. Indiana. 


Phyllosticta cireumscissa Cke. 


a. Prunus americana.  Illi- 
nois. 

b. Prunus persica. Washing- 
ton. 


Phyllosticta cornicola (DC.) 
Rabh. 
Cornus florida. 
Columbia. 


District of 


Phyllosticta destruens Desm. 
Prunus americana. Kansas. 


Phyllosticta eriobotryz Thim. 
Photinia japonica. Louisiana. 


Phyllosticta eupatorina Thum, 
Eupatorium purpureum. — Iili- 
nois. 
Phyllosticta gossypina Ell. & 
Mart. 
Gossypium herbaceum. 
Carolina. 


North 


357. 


358. 


359. 


367. 


SPH ZROPSIDE 4. 


Phyllosticta liriodendrica Sacec. 
Liriodendron tulipifera. West 
Virginia. 
Phyllosticta minutissima Ell. 
& Ever. 


Acer glabrum. Nebraska. 


Phyllosticta paulowniz Sacc. 
Paulownia imperialis. Dis- 
trict of Columbia. 


Phyllosticta pirina Sacc. 

Pirus malus. District of 
Columbia, Maryland, Mis- 
souri, New Jersey, West 
Virginia. 


Phyllosticta sassafras Cke. 


Sassafras officinale. Illinois, 
Missouri. 
Phyllosticta spnzropsoidea 
Ell. & Ever. 
ABsculus hippocastanum. New 
Jersey. 
Piggotia fraxini B. & C. 
a, Fraxinus sp. Missouri. 
b. Fraxinus americana. Mis- 


sissippi. 
Septoria acicola (Thiim.) Sacc. 
Pinus sp. Missouri. 
Septoria sesculi (Lib.) West. 
Esculus glabra. Indiana. 
Septoria agrimoniz-eupato- 
riz Bomm. & Rouss. 
Agrimonia eupatoria. 
souri. 


Mis- 


Septoria ampelina B. &C. 
a. Vitissp.var. Duchess. Kan- 
sas. 

b. Vitis sp.var. Herbert. Kan- 
sas. 
Septoria asclepiadicola Ell. & 

Ever. 


Asclepias incarnata. Indiana. 


Septoria atropurpurea Pk. 
Aster cordifolius. District of 
Columbia. 


Septoria aurea Ell. & Ever. 


Kansas. 
Septoria calcaliz Hil. & Kell. 
Cacalia atriplicifolia. Mis- 
souri. 


Ribes aureum. 


372. 


373. 
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Septoria campanule (Léyv.) 
Sace. 


Campanula americana. Lowa. 


Septoria cannabina West. 


Cannabis sativa. Illinois. 


374. Septoria conspicua Ell. & Mart. 


Steironema ciliatum. Indiana. 


375. Septoria cornicola Desm. 


376. 


377. 


378. 


379. 
380. 
381. 
382. 


383. 


389. 


Cornus florida. District of 


Columbia. 


Septoria erigerontia Pk. 
Erigeron annuus. Illinois. 


Septoria graminum Desm. 


a Triticum vulgare. Mary- 
land. 

b. Triticum vulgare var. Zim- 
merman. Kansas. 


~eptoria kalmizcola(S.)B.&C. 
Kalmia latifolia. District of 
Columbia. 
Septoria lactucze Pass. 
Lactuca sativa. Indiana. 
Septoria lobelize Pk. 
Lobelia syphilitica. Tllinois. 
Septoria mimuli Ell. & Kell. 
Mimulus alatus. Tlinois. 
Septoria nolitangeris Gerard. 
TImpatienssp. Massachusetts. 


Septoria cnothere West. 


a. Oenothera biennis. District 
of Columbia, Illinois, 
Iowa, Maryland, Mis- 
sour. 

b. Oenothera sinuata. Missis- 


sippi. 

Septoria phlogis Sacc. & Speg. 
Phlox perennis. Canada. 
Septoria physostegie Ell. & 

Ever. 
Physostegia virginica. Illinois. 
Septoria pileze Thiim. 
Pilea pumila. Iowa. 
Septoria polygonorum Desm. 
Polygonum —pennsylvanicum. 
Illinois. 
Septoria psilostega Ell. & Mart. 
Galium circezans. Indiana. 
Septoria rhoina B. & C. 
Rhus typhina. Lowa. 


391. 


392. 


398. 


394. 


395. 


396. 


397. 


398. 


399. 


400. 


401. 


402. 


403. 


404. 


405. 


ECONOMIC AND OTHER FUNGI. 


Septoria rubi West. 
a. Rubus sp. New Jersey. 
b. Rubus canadensis. Mary- 
land, New Jersey. 
c. Rubus villosus. Texas. 


Septoria saccharina Ell. & Ever. 
Acer saccharinum. Vermont. 


Septoria sambucina Pk. 
Sambucus canadensis. 
gan. 


Michi- 


Septoria scrophularie Pk. 
Scrophularia nodosa. Minne- 
sota, Missouri. 


Septoria smilacina Ell. & Mart. 
Smilacina racemosa.* Minne- 
sota. 


Septoria specularie B. & C. 
Specularia leptocarpa. Mon- 
tana. 


Septoria trillii Pk. 
Trillium sessile.* Missouri. 


Septoria verbenze Rob. 
Verbena hastata. Illinois. 


Septoria viole West. 
a. Violasp. New Jersey. 
b. Viola blanda. New Jersey. 


Septoria wilsoni Clinton. 
Chelone glabra. Ohio. 


Vermicularia albomaculata 
Schw. 
Liriodendron tulipifera. 
trict of Columbia. 


Dis- 


Vermicularia stachydis Tracy 
& Earle. 
Stachys affinis.* Missouri. 


MELANCONIEZ. 


Colletotrichum gloeosporioides 
Penzig var. hederx Passer. 
Hedera helix. District of Co- 
lumbia. 


Colletotrichum lagenarum EFll. 
& Halsted. 


Cucumis sativus. New Jersey. 


Colletotrichum lineola Cda. 
Sorghum vulgare. Missouri. 


Colletotrichum pisi Pat. 


Pisum sativum. Ecuador. 


406. 


407. 


408. 


409. 


410. 


411. 


412. 


413. 


414. 


Cylindrosporium clematidis, 
Ell. & Ever. var. jackmanni 
Ell. & Ever. 

Clematis 
York. 

Cylindrosporium fraxini (Ell. 
& Kell.) Ell. & Ever. 

a. Fraxinusamericana. Mary- 
land. 

b. Fraxinus 
land. 


jackmanni.* New 


viridis. Mary- 
Cylindrosporium humuli Ell. & 
Ever. 


Humulus lupulus. Michigan. 


Cylindrosporium padi Karst. 

a. Prunus sp. Maryland. 

b. Prunus. cerasus. Nebraska. 

c. Prunus domestica. Mich- 
igan. 

d. Prunus domestica var. Far- 
leigh damson. New York. 

e. Prunus domestica var. Fel- 
lenberg. New York. 

Ff. Prunus domestica var. Field 
plum. New York. 

g. Prunus serotina. West Vir- 
ginia. 

h. Prunus virginiana. 
igan. 


Mich- 


Cylindrosporium rubi Ell. & 
Morg. 
Rubus sp. Missouri. 


Gleosporium ampelophagum 
(Pass. ) Sace. 
Vitis sp. Maryland, New 
York, Virginia. 
Gleeosporium apocyni (Pk.) 
Ell. & Ever. 
Apocynum cannabinum. 
diana. 


In- 


Gloeosporium betularum Ell. & 
Mart. 
Betula nigra. 
lumbia. 


District of Co- 


Glceosporium canadense Ell. & 
Ever. 
Quercus alba. 
necticut. 


Canada, Con- 


Gleeosporium celtidis Ell. & 
Ever. 


Celtis occidentalis. Canada. 


416. 


417. 


418. 


420. 


421. 


422. 


424. 


427. 


HYPHOMYCETE. 


Gleosporium equiseti Ell. & 
Ever. 
Equisetum sp. Illinois. 
Glceosporium nervisequum 
(Fekl.) Sace. 
Platanus occidentalis. District 
of Columbia, Missouri. 
Glceosporium ochroleucum Ell. 
& Ever. 
Castanea sativa var. americana. 


Virginia. 
Gleosporium  phegopteridis 
Frank. 
Aspidium thelypteris. Massa- 
chusetts. 
Gleosporium septorioides 
Sace. 
Quercus sp. Indiana. 


Glceosporium venetum Speg. 
a. Rubus sp. Missouri. 
6. Rubus ideus* var. Gregg. 
Ohio. 
c. Rubus ideus var Shaffer. 
New York. 
d. Rubus idxus var. Souhegan. 
Ohio. 
Marsonia juglandis 
Sace. 
a. Juglans cinerea. 
Ohio. 
b. Juglans nigra. 


(Lib. ) 
Illinois, 


Michigan. 
Marsonia martini Sace. & Ell. 
a. Quercus sp. Illinois. 
b. Quercus alba. District of 
Columbia, Indiana. 


c. Quercus bicolor. Indiana. 
d. Quercus prinus. Indiana. 
e. Quercus rubra. Indiana. 


Marsonia potentille (Desm.) 
Fisch. 
Fragaria sp. Montana. 
Marsonia quercus Pk. 
. Quercus alba. Missouri. 
b. Quercus prinus. Missouri. 
Pestalozzia funerea Desm. 
Smilax laurifolia. Mississippi. 


HYPHOMYCETEZ. 


Alternaria solani (E. & M.) Sor. 
Solanum tuberosum. Missouri, 
Vermont. 


428. 


429. 


430. 


432. 


433. 


434. 


435. 


439. 


440. 
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Arthrobotrys rosea Massee. 
Avena sativa. District of Co- 
lumbia. 
Botrytis hypophylla Ell. & Kell. 
Polygonum hydropiper. Mis- 
souri. 
Botrytis vulgaris Fr. 
Lactuca sativa. District of 
Columbia. 
Ceratophorum uncinatum (C. 
& P.) Sace. 


a. Caryaamara. Kansas. 


b. Quercus macrocarpa. In- 
diana. 
Cercospora acalyphe Pk. 
Acalypha virginica. North 


Carolina. 


Cercospora ampelopsidis Pk. 
Ampelopsis quinquefolia. In- 
diana, Minnesota, West Vir- 
ginia. 


Cercospora apii Fres. 
a. Apium graveolens. Mary- 
land, Michigan, Missouri. 
b. Daucus carota. Maryland, 
New Jersey. 
Cercospora apii Fres. var. pasti- 
nace Farl. 
Pastinaca sativa. New Jersey. 
Cercospora atromaculans Ell. 
& Ever. 
Aralia spinosa. West Virginia. 
Cercospora beticola Sacc. 
Betavulgaris. Illinois, Michi- 
gan. 


Cercospora brunkii Ell. & Gal. 
a. Geranium sp. Texas. 
b. Pelargonium peltatum.* 
Texas. 


Cercospora canescens Ell. & 
Mart. 

a. Phaseolus sp. Illinois. 

b. Phaseolus lunatus var. 
Dreer’s Improved. Wan- 
sas. 

c. Phaseolus lunatus var. 
New Challenge. Kansas. 

Cercospora caulicola Wint. 

Asparagus officinalis, Mary- 

land. 


445. 


446. 


447. 


448. 


ECONOMIC AND 


Cercospora caulophylli Pk. 
Anemonella thalictroides. Mis- 
souri. 


i 


Cercospora cercidicola Ell. 
Cercis canadensis. District of 
Columbia, Illinois, Indiana. 


Cercospora circumscissa Sacc. 
a. Prunussp. District of Co- 
lumbia, Illinois, Texas. 


b. Prunus cerasus. Ohio, 
New Jersey. 
c. ‘Prunus serotina. Illinois, 


West Virginia. 


Cercospora clavata ( Ger.) Pk. 

a. Asclepias cornuti. Michi- 
gan. 

b. Asclepias incarnata.,  Tli- 
nois, Indiana, West Vir- 
ginia. 

Cercospora coffeicola B. & C. 

Coffea arabica.* Hawaii. 


Cercosporadesmodii Ell. & Kell. 
a. Desmodium 
Illinois. 
b. Desmodium rotundifolium. 
District of Columbia. 
Cercospora diodiz Cke. 
Diodia teres. District of Co- 
lumbia. 


Cercospora dubia (Riess) Wint. 
a. Chenopodium album. Dis- 
trict of Columbia, Illi- 
nois, Indiana. 
b. Spinacea oleracea. 
souri. 


Mis- 


Cercospora effusa (B. & C.) Ell. 
& Ever. 
Lobelia syphilitica. 
ginia. 


West Vir- 


Cercospora erythrogena Atk. 
Rhexia mariana. Mississippi. 


Cercospora evonymi [ll. 
Evonymus atropurpureus. Ili- 
nois. 


Cercospora ferruginea Fckl. 


Ambrosia trifida. Illinois. 
Cercospora flagellaris Ell. & 
Mart. 

Phytolacea decandra. Illinois. 


acuminatum. | 


OTHER FUNGI. 


454. 


455. 


456. 


457. 


462. 


463. 


464. 


465. 


466. 


| 467. 


468. 


Cercospora fiexuosa Tracy & 
Earle. 
Diospyros virginiana. Missis- 
sippl. 

Cercospora fusco-virens Sacc. 
Passiflora sp. Missouri. 
Cercospora granuliformis Ell. 

& Hol. 
Viola var. cucullata. Indiana. 


Cercospora hydropiperis 
(Thtim.) Speg. 
Polygonum hydropiper. 
nois, Indiana. 


Illi- 


Cercospora ilicis Ellis. 
Tlex glabra. Mississippi. 
Cercospora ipomeeze Wint. 
Ipomea pandurata. Tllinois. 
Cercospora lippie Ell. & Ever. 
Lippia lanceolata.* Illinois. 


Cercospora liriodendri Ell. & 
Hark. 


Liriodendron tulipifera. Mis- 
sissippl. 
Cercospora maritima Tracy & 
Earle. \ 
Croton maritimus.* Missis- 
sippl. 


Cercospora microsora Sacc. 
Tilia americana. Tllinois, 
Michigan. 
Cercospora mississippiensis 
Tracy & Earle. 
a. Smilax sp. Mississippi. 
b. Smilax bona-nox. Missis- 
sippi. 
Cercospora moricola Cke. 
Morus rubra. Mississippi. 
Cercospora nigricans Cke. 
Cassia marylandica, Missouri. 


Cercospora nympheacea C. 
& E. 
a. Nymphea sp. Ohio. " 
b. Nymphea odorata?  Iili- 
nois. 
Cercospora oculata Ell. & Kell. 
Vernonia noveboracensis. In- 
diana. 
Cercospora olivacea (B. & Ray.) 
Wint. 
Gleditschia triacanthos. 
nois, Lowa. 


Illi- 


470. 


472. 


473. 


474. 


475. 


476. 


477. 


478. 


481. 


482 


HY PHOMYCETE. 


Cercospora oxybaphi Ell. & 
Halsted. 

Oxybaphus nyctagineus. 
nois. 


Tli- 


Cercospora personata (B. & C.) 
Ell. & Ever. 
Arachis hypogea. Mississippi. 
Cercospora ptelesze Wint. 
Pielea trifoliata. Indiana. 


Cercospora pustula Cke. 
Ampelopsis quinquefolia. Vir- 
ginia. 
Cercospora racemosa Ell. & 
Mart. 
a. Ambrosia trifida. 
of Columbia. 
b. Teucrium canadense. 
~ diana, Michigan. 


District 


In- 


Cercospora resedee Fckl. 
Reseda odorata. Illinois. 
Cercospora rhoina C. & E. 
a. Rhus sp. Mississippi. 
b. Rhus aromatica. Missouri. 
c. Rhus copallina. Mississippi. 
d. Rhus glabra. District of 


Columbia, Indiana, Mis- 
souri. 

e. Rhus typhina. District of 
Columbia. 


Cercospora rosicola Pass. 
a. Rosa sp. District of Co- 
lumbia, Missouri. 
b. Rosa setigera.* Indiana. 


Cercospora rubi Sace. 
a. Rubus sp. Missouri. 


b. Rubus canadensis. Mary- 
land. 
c. Rubus villosus. Tlinois. 


Cercospora sagittarie Ell. & 
Kell. 
Sagittaria variabilis. 
Texas. 


Illinois, 


Cercospora sanguinarie Pk. 
Sanguinaria canadensis. Mis- 
souri. 
Cercospora saururi Ell. & Ever. 
Saururus cernuus. Illinois, 
Indiana. 


Cercospora sedoides Ell. & Ever. 
Penthorum sedoides. 


483. 


485. 


486. 


488. 


489. 


490. 


491. 


492. 


497. 


498. 
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Cercospora simulata Ell. & 
Ever. 
Cassia marylandica. 
Missouri. 


Indiana, 


Cercospora smilacis Thiim. 
a. Smilax sp. Missouri. 
b. Smilax glauca. West Vir- 
ginia. 
Cercospora sordida Sacc. 
Tecoma Illinois, 
Missouri. 


radicans. 


Cercospora squalidula Pk. 


a. Clematis sp. North Da- 

iy kota. 

b. Clematis ligusticifolia. Ne- 
braska. 


Cercospora teucrii Ell. & Kell. 
Teucriumcanadense. Indiana. 
Cercospora umbrata Ell. & Hol. 
Bidens frondosa. Michigan. 
Cercospora viticola (Ces. ) Sace. 
a. Vitis sp. District of Co- 
lumbia, North Carolina, 
Virginia. 
b. Vitis cordifolia. Illinois. 
Cercosporella cana (Pass. ) Sace. 
Erigeron annuus. District of 
Columbia, Indiana. 
Cercosporella persica Sacc. 
Prunus persica. Maryland. 


Cladosporium carpophilum 
Thim. 
Prunus persica. Illinois. 


Cladosporium fulvum Cke. 
Lycopersicum — esculentum. 
Maryland, New Jersey. 
Cladosporium pzonie Pass. 
Pxonia officinalis. District of 
Columbia. 
Cladosporium typharum Desm. 
Typha latifolia. Montana. 
Didymaria clematidis Cke. & 
Hark. 
Clematis ligusticifolia. 
tana. 


Mon- 


Didymaria ungeri Cda. 
Ranunculus — septentrionalis.* 
Indiana. 
Epicoccum neglectum Desm. 
Tripsacum dactyloides. Mis- 
sissippi. 
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499. 


500. 


504. 


on 
(9 
ee) 


509. 


510. 


513. 


ECONOMIC AND OTHER FUNGI. 


Fusarium rubi Wint. 
Rubus villosus. Ilinois. 


Fusicladium dendriticum 
(Wallr.) Fekl. 
Pirus malus. Indiana, Kan- 
sas, Michigan, 
New York. 
Fusicladium pirinum Fckl. 
Pirus communis. Michigan. 


Glenospora curtisii Berk. «& 
Desm. 
Nyssa sp. 
Helminthosporium fragile Sor- 
okin. 


See Thielavia basicola Zopi. 


Helminthosporium gramin- 
eum Rabh. 
Hordeum vulgare. Canada. 
Helminthosporium incon- 


spicuum ©. & E. 
Zea mays. Illinois, New Jer- 


sey. 

Helminthosporium ravenelii 
M. A. Curtis. 
Sporobolus indicus. Mexico. 


Helminthosporium turcicum 
Pass. 

Sorghum vulgare. Kansas. 
Isariopsis lindere (Ell. «& 
Ever.) Sace. 

Diospyros virginiana? 

Virginia. 


West 


Macrosporium brassice Berk. 

Brassica sp. Alabama. 
Macrosporium cookei Sacc. 

Datura sp. Maryland. 
Macrosporium parasiticum 

Thim. 

Allium cepa. New York. 
Macrosporium sarcineeforme 
Cay. 

Trifolium pratense. Kansas. 
Microstroma juglandis (Bér.) 
Sace. 

a. Juglans cinerea. New Jer- 

"ee 

b. Juglans nigra. District of 

x Columbia, Missouri. 
Monilia fructigena Pers. 

a. Prunus sp. Maryland. 

b. Prunus persica. 


Missouri, 


514. 


515. 


516. 


517. 


528. 


524. 


525. 


526. 


527. 


528. 


529. 


—_——_— 


Napicladium arundinaceum 
(Cda. ) Sace. 
Phragmites communis. Ne- 
braska. s 


Oidium obductum Ell. & Lang. 
a. Quercus alba. Illinois. 
b. Quercus imbricaria. Cali- 
fornia. 
Ovularia obliqua (Cke.) Oud. 
Rumex crispus. Maryland, 
New Jersey. 
Periconia pycnospora Fres. 
Yucca sp. Florida. 
Piricularia grisea (Cke.) Sacc. 
Setaria sp. Nebraska. 
Polythrincium trifolii Kunze. 
Trifolium repens. Indiana, 
Maryland, Massachusetts, 
New Jersey. 
Ramularia areola Atk. 
Gossypium sp. Mississippi. 


Ramularia celastri Ell. & Mart. 
Celastrus scandens. Canada. 


Ramularia desmodii Cke. 
Desmodium sp. Illinois, Mis- 
sourl. 


Ramularia dierville Pk. 
Diervilla trifida. New Hamp- 
shire. 


Ramularia gibba Fckl. 


Ranunculus repens. Tllinois. 


Ramularia hamamelidis Pk. 


a. Hamamelis sp. West Vir- 
ginia. 

b. Hamamelis virginica.  Tlli- 
nois. 


Ramularia macrospora Fres. 
Erigeron annuus. New Jer- 
sey. 


Ramularia parietariz Pass. 
Parietaria pennsylvanica. Mis- 
souri. 


Ramularia plantaginis Ell. & 
Mart. 
Plantago major. 
New Jersey. 


Indiana, 


Ramularia rudbeckie Pk. 
Rudbeckia laciniata. Michi- 
gan, West Virginia. 


535. 


HY PHOMYCETEA., 


Ramularia rufo-maculans Pk. 


Polygonum acre. Indiana. 
Ramularia tulasnei Sacc. 
See Spherella fragariz 


(Tul.) Sace. 


Ramularia urtice Ces. 
Urtica gracilis. Illinois. 
Ramularia vaccinii Pk. 
Vaccinium — pennsylvanicum. 
District of Columbia. 
Ramularia variabilis Fckl. 
Verbascum thapsus. Michi- 
gan. 
Scolecotrichum graminis Fckl. 
a. Festuca elatior.* Kansas. 
b. Phleum pratense. Indiana. 
ce. Poasp. Maryland. 
d. Poa nemoralis.* Indiana. 
e. Poa pratensis. Indiana. 
Scolecotrichum punctulatum 
Tracy & Harle. 


Iris pabularia. Mississippi. 


O 


536. 


537. 
538. 
_— 


539. 


540. 
— 


541. 


542. 


5438. 


d1 


Septosporium heterosporum 
Ell. & Gal. 
Vitis californica. California. 
Steirochzte graminicola (Ces. ) 
Sace. 
Bromus unioloides. Texas. 
Stigmina platani (Fckl.) Sace. 
Platanus occidentalis. Mlinois. 
Stilbum flavidum Cke. 
Coffea arabica.* Guatemala. 
Tetraploa divergens Tracy & 
Earle. 
Panicum agrostidiforme. Mis- 
sissippi. 
Tubercularia vulgaris Tode. 
Ficus sp. California. 
Ustilaginoidea virens (Cke.) 
Tak. 
Oryza sativa. Japan. 
Volutella dianthi (Hal.) Atk. 
Dianthus caryophyllus.* Dis- 
trict of Columbia. 


Deseo beak DENT OF “AGRICULTURE. 
BUREAU OF PLANT INDUSTRY—BULLETIN No. 9. 


B. T. GALLOWAY, Chief of Bureau. 


THE NORTH AMERICAN SPECIES OF SPARTINA. 


BY 


ELMER D. MERRILL, Asststanr AcrostToxocisr, 


GRASS AND FORAGE PLANT INVESTIGATIONS. 


IssuED Frsruary 4, 1902. 


Were EIN G TON: 
GOVERNMENT PRINTING OFFICE. 
1902. 


LETTER OF TRANSMITTAL. 


U.S. DEPARTMENT OF AGRICULTURE, 
Bureau OF PLANT INDUSTRY, _ 
OFFICE OF THE CHIEF, 
Washington, D. C., November 25, 1901. 
Str: I have the honor to transmit herewith the manuscript of a paper 
entitled The North American Species of Spartina and to recommend 
that it be published as Bulletin No. 9 of the Bureau series. The paper 
was prepared by Mr. Elmer D. Merrill, Assistant Agrostologist, 
Grass and Forage Plant Investigations, and was submitted by the 
Agrostologist. 
Respectfully, B. T. GatLoway, 
Chief of Bureau. 
Hon. JAMES WILSON, 
Secretary of Agriculture. 


PREFACE. 


The accompanying technical paper on the genus Spartina is based 
entirely on material from North America, and the recent great increase 
in the available amount of herbarium material has shown the pressing 
need for a thorough inquiry into the bibliography, synonymy, and 
relationships of the several species which comprise the genus. 

The various species of Spartina are found in saline soils along the 
coast throughout the tropical and temperate regions of the world, two 
species are found in alkaline soils of the interior, and one species only 
is known to thrive in soils free from alkaline or saline properties. 

At different times various authors have proposed at least 6 dif- 
ferent generic names for the grasses now comprised in Spartina, and 
under the name Spartina alone about 36 specitic names have been pro- 
posed for the dozen or fifteen valid species now known in the world. 
Of these species, 9 are recognized as growing in North America, and 
are described in the present paper, one of which and one variety are 
proposed as new. 

F., Lamson-Scrisner. 
Agrostologist. 
OFFICE OF THE AGROSTOLOGIST, 
Washington, D. C., November 16, 1901. 
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THE NORTH AMERICAN SPECIES OF SPARTINA. 


SPARTINA Schreb. Gen. 1: 43. 1789. (Trachynotia Michx. Fl. Bor. Am. 1: 63. 
1803; Limnetis Pers. Syn. 1: 72. 1805; Ponceletia Thou. FI. Trist. d’ Acugn. 36. 
1811; Tristania Poir. in Lam. Encycl. Suppl. 4: 526. 1816; Solenachne Steud. Syn. 
Pl. Gram. 12. 1854; Chauvinia Steud. 1. c. 362.) 

Spikelets 1-flowered, strongly flattened laterally, sessile, and closely imbricated in 
two rows along one side of a continuous rachis, forming unilateral spikes which 
are scattered along a common axis; rachilla articulated below the empty glumes 
and not produced beyond the floret. Glumes three, the first two empty, keeled, 
acute, or bristle pointed, unequal, the second usually exceeding the flowering 
glume. Stamens 3. Styles elongated, filiform. Grain narrow, free within the 
glume and palea. Coarse perennials, with strong, creeping rootstocks, rigid 
culms, and long, tough leaves. 

Spartina comprises a small but distinct genus of the tribe Chlorideae of almost strictly 
halophytic grasses ranging along the coasts of Europe, Africa, North and South 
America, and in saline or alkaline soils of the interior, Spartina cynosuroides 
being somewhat exceptional to this rule, as it reaches its greatest development 
along streams and lakes of fresh water. There are about 12 recognized species 
in this genus in the world, 9 of which are found in North America, one of which 
is here proposed as a new species. 

Bentham * removed Spartina from the Chloridex and placed it in the Chamaeraphis 
group of the Paniceae for the reasons that the spikelets contain but a single per- 
fect flower, and that the pedicels are articulated below the empty glumes. Scrib- 
ner” discusses this transfer with the conclusion that Spartina should properly be 
referred to the Chlorideae, as its affinities are with this tribe rather than with the 
Paniceae, with the query that as the articulation of the pedicel below the empty 
glumes forms an exception in certain genera in the Poaceae and other tribes, why 
should not Spartina be considered a like exception in the Chlorideae. Hackel 
retains the genus in the Chlorideae. : 

As a genus Spartina does not take high rank from an economic standpoint, but as the 
several species grow in situations where other or better grasses will not thrive 
it must be considered as possessing a distinct economic value. Several of the 
species, on account of their strong, creeping rootstocks, are valuable for binding 
river banks and sea shores subject to wash. Spartina cynosuroides annually 
supplies many thousands of tons of native hay in the middle West, and it has 
been utilized for making a coarse paper. Spartina patens with ‘black grass’’ 
(Juncus gerardi) furnishes the bulk of the “ salt hay’’ of the Atlantic coast, and 
on account of its tough, wiry culms and leayes it is especially adapted for use as 
packing material for crockery, glassware, ete. 


“Notes on the Gramineae, Journ. Linn. Soc. 19: 50. 1881. 
"Bull. Torr. Bot. Club, 10: 85. 1883. 
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THE NORTH AMERICAN SPECIES OF SPARTINA. 


Among the points of particular interest brought out in the present paper are that 


Spartina glabra Muhl., has been wrongly referred to the European S. stricta, a 
species not found in North America, while on the other hand Spartina versicolor 
Fabre, from southern Europe, is doubtless identical with Spartina juncea of our 
Atlantic coast. Spartina foliosa Trin., is a valid species, while Vilfa spartinae 
Trin., is identical with Spartina junciformis Engelm. & Gray. 


On account of many intergrading forms it has been found rather difficult to properly 


characterize some species in this genus, but we trust that the present paper may 
serve to clear up some difficult points, at least in synonymy. This article is 
based entirely on material in the United States National Herbarium, and examina- 
tion of other herbaria would doubtless extend the range of some of the species 
here considered. 


ANALYTICAL KEY TO THE SPECIES. 


i, Leal-blades plane ormearly £0. ....sccne-<<o222) 2-0-3 - 3-024 ons ee 2 
1. Leat-blades stromelyfinvolute ss 2 oS ose « ole so css t ae ee ede 6 
2. Second glume very strongly aculeolate-scabrous on the keel and adjacent nerves. 3 
2. Second glume glabrous, or if aculeolate-scabrous only so on the keel.....---.. 5 
3) elantsiyverny stout. spikelets 12 tol4 mm: lone 2225... ess... eo. - eo eee eee 4 
3. Plants slender; spikelets 6 to9 mm. long; a Western species... -- - 6 S. gracilis. 
4, Spikes very numerous, second glume scarcely awned......-- 2 S. polystachya. 
4, Spikes few, second glume bearing a stout scabrous awn....- 1 S. cynosuroides. 
5. Inflorescence dense and spike-like; culm leaves numerous, short; a Pacific coast 


Sy OEGUISS RA ete aes a og ee ae es el eee A eee Se ee ELT 4 S. foliosa. 


5. Inflorescence usually somewhat open, the spikes ascending or erect. 3 8. glabra. 
6. Spikes appressed, forminga long, dense, spike-like inflorescence. 5 S.junciformis. 
6. Spikes erect or spreading; inflorescence not spike-like...........-.....------ 7 
7. A stout plant; the leaves sometimes 18 dm. in length............-- 9 S. bakeri. 
7. Plants more slender; leaves not exceeding 8 dm. in length.........._--...... 8 
Sy spikes: proad:saW-estert iSpeCled: 5 2ec5 0 Goce oe sisce on oe eee 6 8S. gracilis. 
8. Spikes narrow; Atlantic coastispecies:..-....-... a2. ..0-2+ senses ae 9 
9. Plant slender, not exceeding 9 dm. in height; leaves spreading, less than 3.5 dm. 


A 


i LSA are toga eke MEN AS ASN oo eC ans oR aa 8 S. patens. 


. Plant stouter, often 12 dm. high or more; leaves erect or ascending, 2 to 6 dm. 


LONG ce oe eee 2 BS asa Se See ASCE CORSE SOMO ce tc 7 S. juncea. 


. SPARTINA CYNOSUROIDES (Linn.) Willd. Enum. 80. 1809. (Daetylis 


cynosuroides Linn. Sp. Pl. 71. 1753; Trachynotia cynosuroides Michx. Fl. Bor. Am. 
1: 64. 1803; Limnetis cynosuroides Pers. Syn. 1: 72. 1805; Spartina pectinata 
Bose. in Link, Jahrb. 3: 92. 1820.) 


stout erect perennial 6 to 18 dm. high with unbranched glabrous culms from stout, 


scaly rootstocks, long tough leaf-blades and 5 to 20 spikes, forming a terminal 
panicle. Sheaths crowded below; ligule a ring of hairs; leaf-blades 3 to 12 or 
18 dm. long, 4 to 14 mm. wide, scabrous on the margins, becoming inyolute in 
drying, attenuate into a long slender tip. Spikes 5 to 10 em. long, often on 
peduncles, 1 to 2 cm. in length, ascending, racemose along the main axis, which 
is scabrous on the margins, as are also the secondary axes. Spikelets densely 
imbricate, 12 to 14 mm. long; empty glumes unequal, strongly aculeolate-scabrous 
on the rigid keels, the first usually acute, the second long acuminate and more 
or less awned; flowering glume 7 to 9 mm. long, glabrous, except for the aculeo- 
late-scabrous ynidnerve which terminates just below the emarginate or 2-toothed 
apex. Palea thinner in texture and usually somewhat exceeding the glume. 


GENERAL DISTRIBUTION: In swamps and along banks of streams and lakes of fresh or 


brackish water, Nova Scotia to Assiniboia and Washington, south to New Jersey 
and Indian Territory, August to October. 
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Type Locauiry: ‘‘ Habitat in Virginia, Canada, Lusitiana.’’ 

SPECIMENS EXAMINED.— New Brunswick: St. John, J. Fowler, Aug. 17,1877. Maine: 
Cape Elizabeth, F. Lamson-Scribner, July 27, 1895, also July 26, 1895: Chemo 
Pond, Bradley, 3 F. P. Briggs, August, 1897. Massachusetts: Nantucket, E. N. 
Vasey, Aug. 22,1897. Connecticut: Bridgeport, E. H. Eames, July 27, 1895. New 
York: Niagara Falls, F. V. Coville, Aug. 21, 1886. New Jersey: Deal, A. H. and 
C. E. Smith; Granton, salt marsh, Wm. M. Van Sickle, July 1, 1894, also July 1, 
1895. Pennsylvania: Easton, Thos. C. Porter, Sept. 5, 1896; Harrisburg, John K. 
Small, July 26, 1888; mouth of Tucquan, Lancaster County, A. A. Heller and 
E. Gertrude Halback, Oct. 1, 1892. Delaware: Ellendale, Wm. M. Canby; Wil- 
mington, 260 A. Commons, July 28, 1881, also 259 Commons, Aug. 16, 1877. 
Maryland: Great Falls, Vasey, 1873. District of Columbia: Washington, in grass 
garden, Aug. 5, 1897. Tilinois: Pierceville, L. M. Umbach, Aug. 22, 1895. Wis- 
consin: Near Grandmother Bull Falls, L. 8. Cheney, 1893. Minnesota: Courtland, 
C. A. Ballard, July, 1892. Assiniboia: Indian Head, John Macoun, Aug. 15, 1895. 
North Dakota: Dickinson, M. A. Brannon, Aug. 11, 1896. South Dakota: Near 
Grindstone, 749 David Griffiths, Aug. 31, 1897; Black Hills, altitude 4,000 feet, 
1103 P. A. Rydberg, July 16, 1892; Huron, 3 David Griffiths, Aug. 25, 1896; 
Orol Butte, 331 D. Griffiths, July 1, 1897; Brookings, T. A. Williams, August, 
1891; Aberdeen, 96 David Griffiths, Sept. 12, 1893, also 116 Griffiths, Sept. 15, 
1896; Jamesville, 4 L. A. Bruce, Aug. 3, 1899. Jowa: Chariton, 1001 8. H. Mal- 
lory, Oct. 2, 1897; Fayette County, 320 B. Fink, July 6, 1894, also 559 Fink, Sep- 
tember, 1894; Mount Pleasant, J. H. Mills, 1894. Nebraska: Whitman, 1577 P. 
A. Rydberg, July 29, 1893; Talmage, 10 C. C. Elmore, July 7, 1896;. Niobrara 
River, 2892 Fred Clements, Aug. 18, 1893; North Platte, 2514 P. A. Rydberg, 
Sept. 5, 1895. Kansas: Hutchinson, 5 B. B. Smyth, July 28, 1890; Riley County, 
562 J. B. Norton, Oct. 5, 1895; Syracuse, 156 C. H. Thompson, July 28, 1893. 
Indian Territory: Choctaw Agency, J. M. Bigelow, 1853; Pawnee, J. W. 
Blankinship, Aug. 30,1895. Montana: Madison River, 2283 P. A. Rydberg, July 
28, 1895, 523 C. L. Shear, July 28,1895. Wyoming: At G. A. Bell’s ranch, alti- 
tude 1300 m., 2844 T. A. Williams, Aug. 5, 1897; No Wood Creek, 2846 T. A. 
Williams, Aug. 5, 1897; no locality, Hayden’s U. 8. Geological Survey, 1870. 
Colorado: La Salle, 764 C. L. Shear, Sept. 4, 1895; Fort Collins, 558 C. 8. 
Crandall, altitude 1520 m., Aug. 24, 1894. Idaho: Thompson, 1611 J. B. Leiberg, 
altitude 620 m., Aug. 27, 1895; Lake Tesemini, 691 J. H. Sandberg, A. A. 
Heller, and D. T. McDougal, July 21, 1892. Washington: Fish Hook Ferry, 938 
J. B. Leiberg, altitude 210 m., Sept. 18, 1894; Snake River, Almota, 2372 C. V. 
Piper, Sept. 9, 1896. Oregon: Snake River, Ballard’s Landing, 2221 Wm. C. 
Cusick, July 8, 1899; Cascades of the Columbia, E. Hall, 1871. 

This widely distributed species is extremely variable, but is usually readily recog- 
nized. In the middle West hundreds of acres of lowland are occupied almost 
exclusively by this grass, which when cut early makes a fair but coarse hay. It 
has been ‘successfully employed in the manufacture of twine and coarse paper 
and makes an excellent and durable thatch. Itsstrong creeping rootstocks adapt 
it to binding loose sands and river banks subject to wash. 

A small form of this species evidently connects it with Spartina gracilis Trin., and is 
represented by the following specimens: 

SPECIMENS EXAMINED.— Wyoming: Deer Creek, 2715 T. A. Williams, July 28, 1897; 
Beulah, 415 D. Griffiths, Aug. 5, 1897. Idaho: St. Anthony, 46 E. D. Merrill, 
Aug. 12, 1900. 

2. SPARTINA POLYSTACHYA (Michx.) Willd. Enum. 81. 1809, in obs. 
( Trachynotia polystachya Michx. Fl. Bor. Am. 1: 64. 1803; Limnetis polystachya 
Rich. in Pers. Syn. 1: 72. 1805; Spartina cynosuroides major Trin. Agrost. 1: 92. 
1840. Spartina cynosuroides polystachya Scribn. Bull. Torr. Bot. Club, 10: 86. 
1883, in obs.; Beal, Grasses N. A. 2: 398. 1896. ) 
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A stout, erect, glabrous perennial, 12 to 18 dm. high, with long, flat leaves and 
terminal panicles of 20to 60 crowded ascending spikes 5 to 12 cm. long. Culms 
often 2 em. in diameter below, from stout rootstocks. Sheathsimbricate, crowded 
at the base; ligule a ciliate fringe about 3 mm. long; leaf-blades very long, the 
uppermost often 6 dm. in length, 8 to 24 mm. wide, strongly scabrous on the 
margins and more or less scabrous on the nerves on the upper surface, long- 
attenuate. Panicles 20to40 cm. long, therachischanneled, scabrous; spikes usually 
crowded, ascending, the lower ones with a peduncle 1 to 2 em. long, the upper 
ones sessile, rachis flattened, strongly scabrous on the margins. Spikelets 10 to 
14 mm. long, densely imbricate; empty glumes lanceolate, attenuate to a rigid 
point, glabrous, except on the strongly aculeolate-scabrous keels, or rarely 
somewhat scabrous throughout, the second 10 to 14 mm. long, 2 to 3 times as 
long and much wider than the first; flowering glume 7 to 10 mm. long, ovate- 
lanceolate, obtuse, of similar texture as the empty glumes and similarly ciliate 
on the keel, rarely scabrous throughout. Palea exceeding the flowering glume, 
less firm in texture, somewhat obtuse or truncate. 

SPECIMENS EXAMINED.—New Jersey: Granton, W. M. Van Sickle, Aug. 25, 1895; 
Hackensack, G. V. Nash, Aug. 25, 1889; no locality, J. Holmes, 1890. Delaware: 
Deakyneville, 261 A. Commons, Oct. 8, 1897. Virginia: Suffolk, 444 F. L. J. 
Boettcher, Sept. 12, 1893; Norfolk, 294 T. H. Kearney, jr., Aug. 5, 1895. North 
Carolina: Wilmington, 266 T. H. Kearney, jr., Aug. 3, 1895; Neuse River, G. 
McCarthy, July 9, 1884. Alabama: Mobile, 22T. H. Kearney, jr., July 3, 1895. 
Florida: No locality, A. W. Chapman; Jacksonville, 3433, A. H. Curtiss, August, 
1883; 5518 Curtiss, Aug. 17, 1895; 5149 Curtiss, Aug. 28, 1894; Apalachicola, 
102 T. H. Kearney, jr., July 15, 1895. Mississippi: Biloxi, 4543 S. M. Tracy, 
July 6, 1898; Ocean Springs, J. Skehan, September, 1895. 

GENERAL DISTRIBUTION: In brackish marshes along the coast from New Jersey to 
Florida and Mississippi, July to October. 

Type tocauity: ‘‘Hab. in inundatis maritimis, a Nova Anglia ad Floridam.”’ 

This species is related to Spartina cynosuroides, but is distinguished by its usually 
taller and stouter culms, broader leaves, more numerous spikes, absence of awns 
to the empty glumes, and in the percurrent midnerve of the entire, not cleft, 
flowering glume. 

~ Michaux, in the original description of this species, gives its range as from New 
England to Florida, in which he has been followed by later botanists, the range 
given in the manuals extending as far north as the coast of Maine. None of the 
northern material examined is Spartina polystachya as here interpreted, but is 
referable to the closely related S. cynosuroides. One reason, perhaps, why these 
two species have been more or less confused is that Spartina polystachya has been 
interpreted to include forms which are evidently referable to Spartina cynosu- 
roides and our restriction of the name to the southern form here considered is 
apparently the only logical course to follow. Spartina polystachya is abundantly 
distinct from S. cynosuroides, and there is no reason why the two species should 
be confused. 

3. SPARTINA GLABRA Muhl. Gram. 54. 1817. (Dactylis maritima Walt. Fl. 
Carol. 77. 1788, not Curt. Enum. Brit. Gr. 4. 1785; Limnetis glabra Nutt. Gen. 1: 
38. 1818; Spartina levigata Bose in Link, Jahrb. 3: 92. 1820; Spartina levigata 
Willd. in Trin. Agrost. 1: 91. 1840; Spartina stricta glabra A. Gray, Man. Bot., 
ed. 2, 552. 1856; Spartina stricta maritima Scribn. Mem. Torr. Bot. Club, 5: 45. 
1894. ) 

A glabrous, erect, and often stout salt-marsh grass 6 to 24 dm. high, with long, flat, 
or involute leaves, few or many erect, usually appressed spikes and glabrous 
spikelets. Culms simple, sometimes 2 cm. in diameter below; sheaths glabrous, 
the lower ones crowded and imbricate, distichous; ligule a ciliate ring about 
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2 mm. long; leaf-blades 5 to 7 dm. long, 1 to 1.5 cm. wide, usually flat but 
sometimes involute, tapering to a longinvolute tip, glabrous throughout. Pani- 
cles 2 to 4 dm. long, usually strict; rachis glabrous. Spikes 5 to 15 cm. long. 
Spikelets densely imbricate, 10 to 14 mm. long; empty glumes glabrous, or both 
sparingly scabrous on the keel, the first 6 to 8 mm. long, the second 10 to 14mm. 
in length; flowering glume 8 to 10 mm. long. Palea somewhat exceeding the 
glume and thinner in texture. 

GENERAL DISTRIBUTION: In salt marshes along the coast from Virginia to Florida 
and Texas, also in California. July to October. 

Type Locauity: ‘‘Habitat in maritimis, Delaw. N. Ebor.”’ 

SPECIMENS EXAMINED.— Virginia: Virginia Beach, 3095 T. A. Williams, Sept. 23, 
1900. Florida: Jacksonville, 5331 A. H. Curtiss, Aug. 28, 1894; also 5577 Cur- 
tiss, Oct. 17, 1895; Cedar Keys, 771 R. Combs, Aug. 1, 1898; Homosassa, 941 
Combs, Aug. 10, 1898; Braidentown, 1295 Combs, Sept. 3, 1898; Bay Head, 631 
Combs, Aug. 23, 1898; Palmetto, 2437, 2437a G. V. Nash, Aug. 21-23, 1895. 
Mississippi: Biloxi, 3854, 3855 8. M. Tracy, Sept. 16, 1897. Louisiana: Bayou 
Hermitage, 92 A. B. Langlois, Oct. 4, 1883. Texas: Corpus Christi, 105 G. C. 
Nealley, August, 1892. California: Salt flats, Chollas Valley, San Diego, 569 
C. R. Orcutt, July 31, 1882; Newport, 1402, 8. B. & W. F. Parish, October, 1882. 

This spegies has been considered as a variety of the European Spartina stricta by 
recent American botanists, but we consider the earlier authors correct in holding 
it specifically distinct. Spartina stricta ( Ait.) Roth, has been credited to North 
America, but a careful examination of all available European and American 
material leads us to conclude that this species does not extend to North America. 
Although the European plant occupies the same habitat as the American plant 
so referred, it is at once distinguished by its rather densely pilose glumes. In 
Spartina glabra the glumes in the typical form are perfectly glabrous, sometimes 
scabrous on the keel, but never pilose. 

3a. SPARTINA GLABRA ALTERNIFLORA (Lois.) (Spartina stricta alterni- 
flora A. Gray, Man. Bot., ed. 2, 552. 1856; Spartina alterniflora Lois. Fl. Gall. 
2: 719. 1807; Trachynotia alterniflora Steud. Nom. ed. 2, 2: 695. 1840.) 

Similar to the speciesin habit of growth, but differing in its sparingly pilose flowering 
glumes and few-flowered, slender spikes, the spikelets barely overlapping 
instead of being densely imbricate. 

GENERAL DISTRIBUTION: In salt marshes along the coast. Maine to New Jersey. 
(Europe. ) 

TypPeE Locaity: ‘‘ Habitat circa Baionam, in pascuis limosis ad ripas aturi.’’ 

SPECIMENS EXAMINED.—Maine: Portland, H. W. Merrill, 1897; Cape Elizabeth, 819 
E. E. Gayle, July, 1895. Massachusetts: Salem, J. H. Sears, 1883; Cambridge, 
L. H. Bailey, 1883. New Jersey: Atlantic City, F. Lamson-Scribner, August, 
1895. 

The form here described is identical with several sheets in the U. 8. National Her- 
barium from the coast of France, labeled Spartina alterniflora, which is consid- 
ered as worthy of specific rank by European botanists. Its close relationship to 
Spartina glabra is at once evident, and it presents an intermediate form between 
that species and the next variety. 

38. SPARTINA GLABRA PILOSA yar. nov. (Spartina stricta of American 
authors, not Roth.) 

Like the species in habit of growth, but differing in its sparingly pilose flowering 
glumes, in this respect approaching the European Spartina stricta. Empty glumes 
aculeolate scabrous on the keels. 

GENERAL DISTRIBUTION: In similar localities as the species, from Massachusetts to 
North Carolina. 
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SPECIMENS EXAMINED.—Rhode Island: Providence, 8.T. Olney. New Jersey: Atlantic 
City, F. Lamson-Scribner, August, 1895 (type), also L. F. Ward, Sept. 7, 1884; 
Weehawken, W. M. Van Sickle, Aug. 20, 1895. Maryland: Ocean City, 264 
A. Commons, Sept. 16, 1880. Delaware: Deakyne’s Landing, 265 Commons, 
Oct. 8, 1897; Delaware City, 266 Commons, Aug. 20, 1874. Virginia: Hampton, 
G. McCarthy, Aug. 31, 1883; Lynnhaven Bay, 2112 T. H. Kearney, jr:, Oct..a; 
1898; Fort Monroe, G. Vasey, 1878. North Carolina: Ocracoke Island, 2308 
T. H. Kearney, jr., Oct. 13-17, 1898; no locality, G. McCarthy, September, 1885. 

This variety is distinguished from the species by its sparingly pilose flowering glumes 
and strongly aculeolate scabrous keels and from the variety alterniflora by its 
densely imbricate spikelets. This form approaches the European Spartina stricta, 
but is distinguished by its much less pilose glumes. 

4, SPARTINA FOLIOSA Trin. Agrost. 1: 92. 1840. (Spartina leiantha Benth. 
Bot. Voy. Sulph. 56. 1844.) 

A glabrous perennial with numerous, rather short flat leaves, densely flowered spikes 
and usually very strongly aculeolate-ciliate keeled empty glumes. Culms simple, 
about 1 ecm. in diameter below. Sheaths crowded and overlapping, especially 
above; ligule a ciliate ring about 2 mm. long; leaf-blades 2 to 3 dm. long, about 
1 em. wide, glabrous throughout, plane or sometimes involute in drying, tapering 
into a slender involute tip. Panicle 10 to 15 em. long, almost cylindrical, the 
spikes densely flowered, 2 to 5 em. long, appressed, primary, and secondary axes 
glabrous. Spikelets imbricate, 12 to 14 mm. long, glabrous throughout or the 
empty glumes usually very strongly aculeolate-ciliate on the keels, the first 
narrow, 7-8 mm. long, the second, 12 to 14 mm. in length; flowering glume 
nearly as long as the second empty glume, slightly shorter than the palea, 
glabrous throughout or sometimes ciliate on the margins below. 

GENERAL DIstrIBuTION: In salt marshes along the coast. California, August to 
September. 

TypE Locauity: ‘‘California.”’ 

SPECIMENS EXAMINED.—California: San Francisco, 124 Bioletti, September, 1891; 
Oakland, 18 J. W. Blankinship, Aug. 11, 1891; Alameda, J. Burtt Davy, August, 
1896; San Diego, 274 E. Palmer, September, 1888; Reclamation, Alice Eastwood, 
1897. 

This species was based on a specimen collected in California, but has previously been 
considered as a synonym of Spartina stricta. It is closely related to Spartina 
glabra, but is distinguished by its numerous comparatively short leaves, which 
are crowded on the upper portion of the culm, dense, almost cylindrical spike- 
like panicles and (usually) the very prominently aculeolate-ciliate keels of the 
empty glumes. In the original description Trinius describes the spikelets as 
being glabrous, and in this respect the specimen collected by Davy, cited 
above, agrees with his description, most of the spikelets being glabrous, although 
occasionally some of them are sparingly aculeolate-scabrous on the keels of the 
empty glumes. In all other respects, however, this specimen agrees with the 
others cited above, in which one of the most prominent distinguishing charac- 
ters is the prominently aculeolate-ciliate keels of the empty glumes, and which . 
is evidently the common form of the species. 

This species is useful in reclaiming salt marshes, and in several places about San 
Francisco Bay it has modified the coast line and increased the acreage of many 
farms. The town of Reclamation received its name from the fact that in that 
vicinity many acres of land have been reclaimed chiefly by the use of this grass. 

5. SPARTINA JUNCIFORMIS Engelm. & Gray, Bost. Journ. Nat. Hist. 5: 238. 
1845. (Vilfa spartine Trin. Agrost. 1: 60. 1840; Spartina gracilis Chapm. 
Fl. So. U. S. 556. 1860; Spartina gouini Fourn. Mex. Pl. 135. 1881; Spartina 
densiflora Beal, Grasses N. Am. 2: 397. 1896, not Brongn.; Spartina multiflora 
Vasey in Beal 1. ec. 400, in obs. ) 
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A stout glabrous perennial 6 to 18 dm. high with very long narrow involute leaves and 
short appressed spikes, which form a spike-like inflorescence 10 to 30 em. long. 
Sheaths glabrous, the lower ones mostly shorter than the internodes, the upper 
ones exceeding them; ligule a ciliate fringe; leaf-blades rigid, those of the sterile 
shoots3 to 6 dm. long. Panicle tapering to the apex; spikes 30 to 50, 2 to 5 em. 
long, sessile, imbricate. Spikelets 6 to 8 mm. long, densely imbricate; empty 
glumes ciliate-hispid on the keel, the first linear obtuse or acute, shorter than 
the second, which is truncate and short-awned or emarginate; flowering glume 
slightly longer than the first glume, rather thin in texture, and ciliate-scabrous 
on the keel. Palea slightly exceeding the glume in length. 

GENERAL DISTRIBUTION: In brackish marshes along the coast from Florida to Texas 
and Mexico. April to October. 

TypE Locauiry: ‘‘Saline prairies near the coast’’ (Texas). 

SPECIMENS EXAMINED.—Tlorida: Key West, Blodgett, also J. H. Simpson, June, 1891; 
Apalachicola, 119 T. H. Kearney, jr., July 16, 1895; Palma Sola Bay, J. H. 
Simpson, 1890; Hamosassa, 937 R. Combs, Sept. 10, 1898; Cedar Key, 785 Combs, 
Sept. 2, 1898; no locality, A. W. Chapman (sub. nom. ‘‘Spartina gracilis of So. 
Flor.’’ Mississippi: Ocean Springs, 133, 134 8. M. Tracy, Sept. 15, 1889; Biloxi, 
3783, 3784 S. M. Tracy, Sept. 19, 1897, also 234 T. H. Kearney, jr., Oct. 5, 1896; 
Bayou St. Louis, 91 A. B. Langlois, Sept. 13, 1883. Texas: Eagle Pass, 83 V. 
Havard, 1882; Meskit Bay, 66 H. W. Ravenel, Apr. 28, 1869; Galveston, L. F. 
Ward, Sept. 16, 1877; Hockley, F. W. Thurow; Cotula, 30, 33 E. N. Plank, 1891; 
no locality, G. C. Nealley, 1889. Mexico: Hacienda de Angostura, San Luis 
Potosi, 3760 C. G. Pringle, July 10, 1891. ; 

This very distinct species is readily recognized by its dense spike-like panicles and 
very narrow involute leaves. Beal based his description of Spartina densiflora 
on No. 3760 Palmer, cited above, which is identical with the forms referred to 
Spartina junciformis Engelm. & Gray, in the same work. Spartina densiflora 
Brongn., has been questionably referred to Spartina junciformis Engelm. & Gray 
as a synonym, but according to Chilean material, collected and determined by 
Philippi, it is not at all related to that species. The specimen from Philippi is 
evidently related to Spartina glabra, but is apparently distinct from any North 
American species. It is doubtless identical with Spartina ciliata Kunth. Spar- 
tina gouini Fourn., was based on No. 72 Gouin, from Vera Cruz, Mexico, and 
although we have not been able to examine this specimen, Fournier’s full 
description leaves no doubt as to the identity of his species. 

Vilfa spartine Trin. was based on a specimen from Texas, and is, so far as known, 
the earliest description of the species, and a strict interpretation of the Rochester 
Rules would make the name Spartina spartine (Trin)., certainly a meaningless 
combination. There is in the U. 8. National Herbarium a fragment from Trin- 
ius’s type which was received from the St. Petersburg Academy of Natural 
Sciences, which clears up any doubt that might exist as to the identity of that 
species. 

6. SPARTINA GRACILIS Trin. Agrost. 1: 88. 1840. 

A comparatively slender glabrous perennial 3 to 9 dm. high from creeping, scaly, 
rootstocks, with flat leaves and 3 to 9 rather short, appressed spikes 2 to 5 cm. 
long. Culm simple; sheaths, at least the lower ones, exceeding the internodes; 
ligule a ciliate fringe about 1 mm. long; leaf-blades 1 to 3 dm. long, 2 to 6 mm. 
wide, plane, or often involute, at least when dry, rigid, scabrous on the margins 
and upper surface, glabrous beneath, long involute-attenuate. Panicle 10 to 20 
cm. long, the common rachis glabrous or nearly so, somewhat undulate; spikes 
appressed, pale or purplish, the lower ones usually somewhat pedunculate, the 
upper ones sessile or nearly so. Spikelets 6 to 9 mm. long, densely imbricate; 
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empty glumes acute, aculeolate-ciliate on the keels and also commonly on the 
adjacent nerves, the first about one-half as long as the acute second one; flower- 
ing glume obtuse, slightly shorter than the second and about equaling the obtuse 
palea, aculeolate-ciliate on the keel. 

GENERAL DISTRIBUTION: Meadows, swamps, and river bottoms, especially in alkaline 
soils. North Dakota to Kansas, west to British Columbia, Nevada, and Cali- 
fornia. April to October. 

Type Locauity: ‘‘Amer. bor. (Hooker, s.n. Sp. cynosuroidis).”’ 

SPECIMENS EXAMINED.—North Dakota: Minnewaukon, 64 M. A. Brannon, July 17, 
1896. South Dakota: Aberdeen, 125 D. Griffiths, July, 1896, 842 Griffiths, 1897; 
Indian Creek, Williams & Wilcox, Aug. 24, 1891. Aansas: Syracuse, 110 C. H. 
Thompson, July 13, 1893. Montana: Choteau, 301 Griffiths & Lange, Aug. 22, 
1900; Glendive, L. F. Ward, J uly 15, 1883; Missoula, 265 Williams & Griffiths, 
1898; Dillon, 2080 P. A. Rydberg and 335 C. L. Shear, July 3, 1895; Manhattan, 
2204 Rydberg and 446 Shear, July 18, 1895; Townsend, 2152 Rydberg, July 15, 
1895; East Gallatin Swamps, 3194 Rydberg, July 24, 1896; Upper Big Horn River, 
180 J. W. Blankinship, August, 1890; Hound Creek, 329 F. Lamson-Scribner, 
July 29, 1883; Billings, 235 Williams & Griffiths, Aug. 31, 1898; Buffalo, 105 
Williams & Griffiths, Aug. 4, 1898. Wyoming: Granger, 3885 A. Nelson, July 30, 
1897; Pine Bluffs, 3630 Nelson, July 6, 1897; Laramie County, 2843 Nelson, 
August, 1896; Otto, 2867 T. A. Williams, Aug. 7, 1897; Belle Fourche River, 2714 
Williams, July 28, 1897; Green River, 2328 Williams, July 8, 1897; Yellowstone 
Park, 3606 Rydberg & Bessey, Aug. 4, 1897. Colorado: Canyon City, 985 C. L. 
Shear, Aug. 10, 1896; Saguache Creek, 1111 J. Wolfe, 1873. Idaho: No locality, 
3701 L. F. Henderson, 1895; 523 Hayden’s expedition, 1872. Utah: Rabbit Val- 
ley, 353 L. F. Ward, June 10, 1875; Lake Park, 8. M. Tracy, Aug. 9, 1887. 
Nevada: No locality, Wheeler, 1872; Reno, M. E. Jones, June 8, 1897; Ash 
Meadows, 364 Coville & Funston, March 2, 1891; Soda Springs, 323 W. H. 
Shockley, June, 1882; Unionville Valley, 1298 8S. Watson, October, 1867. Cali- 
fornia: Inyo County, 1002 Coville & Funston, June 20, 1891. Oregon: Alvord 
Lake, 2437 J. B. Leiberg, July 1, 1896; no locality, 627 E. Hall, 1871. Wash- 
ington: Douglas County, 2248 L. F. Henderson, July 11, 1892; Loomiston, 891 
A. D. E. Elmer, August, 1897; no locality, 248 Sandberg & Leiberg, 1893. 
British Columbia: Kamlooks, 9 J. Macoun, June 13, 1889; Alberta, Benton Trail, 
J. Macoun, July 17, 1895. 13319 Herb. Geol. Sury. Canad. 

This widely distributed species is related to Spartina cynosuroides, but is readily dis- 
tinguished by its much smaller size, shorter and narrower leaves, fewer, shorter 
spikes, much shorter spikelets, and merely acuminate empty glumes, not awned 
as in that species. Beal* refers a specimen from Mississippi to this species, 
which is evidently an error, and at the same times cites Spartina junciformis 
Engelm. & Gray as a synonym, while on the succeeding page of the same work 
S. junciformis Engelm. & Gray, is properly considered as a distinct species. 

7. SPARTINA JUNCEA (Michx.) Willd. Enum. 81. 1809.  ( Trachynotia juncea 
Michx. FI. Bor. Am. 1: 64. 1803; Limnetis juncea Rich. in Pers. Syn. 1: 72. 
1805; Dactylis cynosuroides Walt. Fl. Carol. 77, 1788, non Linn; Spartina ameri- 
cana Roth. in Trin. Agrost. 1: 87. 1840 as syn.; Spartina versicolor Fabre (?) 
Ann. Sci. Nat. III. 18: 123. ¢. 3. 1849; Spartina caespitosa A. A. Eaton Bull. 
Torr. Bot. Club, 25: 338. 1898). 

A rather stout, tufted, glabrous perennial 5 to 12 dm. high from a usually stout root- 

stock with numerous long, involute, erect, or ascending leaves and exserted 

panicles and 2 to 8 erect or spreading, pale or purplish spikes. Culms usually 
stouter than in S. patens, the lower sheaths overlapping; ligule a fringe of hairs; 

leaf-blades glabrous, except on the upper surface, involute, erect, or ascending, 1.5 
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to 6 dm. long, or the upper ones somewhat shorter. Panicle exserted, common 
rachis glabrous or scabrous on the margins. Spikelets densely imbricate, 7 to 10 
mm. long; first glume linear, mucronate, usually strongly scabrous on the keel 
above, 4 to 5 mm. long; second glume lanceolate, acute or acuminate, 7 to 10 
mm. long, strongly scabrous on the keel and adjacent nerves and sometimes 
slightly scabrous on the broad thin margins; flowering glume 6 to 7 mm. long, 
ovate, obtuse, slightly emarginate at the apex, glabrous or scabrous on the keel 
above. Palea slightly exceeding the flowering glume, glabrous or nearly so. 

GENERAL DISTRIBUTION: In salt meadows and sandy beaches along the coast from 
New Hampshire to Florida and Texas. May to September. 

Type Loca.ity: ‘‘ Hab. in siccis maritimis Carolinae, Georgiae.’’ 

SPECIMENS EXAMINED.—New Hampshire: Seabrook, 505 A. A. Eaton, Aug. 27, 1891, 
also September, 1896, sub nom. Spartina caespitosa. Massachusetts: Salisbury, 587 
A. A. Eaton, Sept. 7, 1896, sub nom. Spartina caespitosa; Cambridge, 30 W. W. 
Bailey, August, 1871. New Jersey: Cape May, 263 A. Commons, Aug. 20, 1872; 
Atlantic City, F. Lamson-Scribner, Aug. 29, 1895, also L. F. Ward, Sept. 7, 1884. 
Delaware: Deakyne’s Landing, 262 A. Commons, June 20, 1866. Maryland: 
Baltimore, Dr. Foreman, 1873. Virginia: Lambert Point, 1694 T. H. Kearney, 
jr., July 16, 1898; Cape Henry, 1815 Kearney, July 26, 1898; Norfolk, 307 
Kearney, Aug. 5, 1895; Virginia Beach, 1052 A. A. Heller, July 12, 1893, also 
3106 T. A. Williams, Sept. 23, 1900. North Carolina: Near Wilmington, 153 
F. V. Coville, June 27, 1890; Smiths Island, 3516a Biltmore Herbarium, July 14, 
1897. Alabama: Mobile, 57 T. H. Kearney, jr., July 8, 1895. Florida: Jackson- 
ville, 15, 20 R. Combs, July 18, 1898, also 4948 A. H. Curtiss, July 17, 1894; 
Palmetto, 2439 G. V. Nash, Aug. 21-23, 1895; St. George Island, 131 T. H. 
Kearney, jr., July 17, 1895; Miami, A. P. Garber 1877; Avondale, 498 Combs, 
Aug. 16, 1898; Apalachicola, 103, 118 Kearney, July 15, 1895; Braidentown, 
1326a Combs, Sept. 3, 1898; Crystal, 1007 Combs, Sept. 16, 1898; Bay Head, 656 
Combs, Aug. 23, 1898. Louisiana: Pointe ala Hache, 89 A. B. Langlois, June, 
1879. Mississippi: Biloxi, 1566 8. M. Tracy, July 27, 1891; Chandeleur Island, 
4542 Tracy, June 30, 1898; Ocean Springs, 132 Tracy, Sept. 15, 1889; Border of 
Wolf River, 90 A. B. Langlois, July, 1880; Ship Island, 1087 C. L. Pollard, 
July 28, 1896, also S. M. Tracy, May 29, 1898, and July 20, 1894. Texas: Corpus 
Christi, 67 G. C. Nealley, August, 1892, also June, 1893. 

We believe Spartina juncea to be a valid species, for the extreme form is most distinct 
from Spartina patens, to which it has previously been referred. The most strik- 
ing differential characters are its greater size, much longer, erect or ascending 
leaves and stouter rootstocks. The spikelets are usually acute, or at least much 
less acuminate than in S. patens, although little dependence can be placed on 
spikelet characters in this extremely variable group. Michaux based his species 
on material from Carolina and Georgia, and from his description evidently had 
small specimens; there can, however, be no doubt as to what form he had in 
mind. Thetypical southern form ranges certainly as far north as New York, and 
we believe Eaton’s Spartina caespitosa should properly be referred to S. juncea, 
as we can find no valid characters on which to separate the species, the slight 
variation from typical Spartina juncea being evidently that due entirely to habitat. 
Spartina versicolor Fabre, from southern Europe, is evidently identical with our 
Atlantic coast form here referred to Spartina juncea. 

The characters on which we have separated Spartina juncea from S. patens were 
drawn entirely from herbarium material, and it is very probable that field 
observations may yield more and better differential characters than here enum- 
erated, and at the same time prove some characters here given invalid. 

8. SPARTINA PATENS (Ait.) Muhl. Gram. 55. 1817. (Dactylis patens Ait. Hort. 
Kew. 104. 1789; Spartina pumila Roth. Cat. 3: 10. 1806.) 
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A rather slender, glabrous, very wiry perennial 3 to 8 dm. high, from long, usually 
slender rootstocks, with 2 to 6 slender, purplish spikes and widely spreading 
involute leaves. Sheaths mostly inclosing the culms; ligule a fringe of hairs; 
leaf-blades spreading, 1 to 3.5 dm. long, involute, glabrous, except on the upper 
surface. Panicle slightly exserted or often somewhat inclosed in the upper 
sheath, common axis glabrous, spikes spreading or ascending, 2 to 5 em. long. 
Spikelets densely imbricate, the first glume about 4 mm. long, linear, mucronate, 
nearly glabrous; second glume lanceolate, acuminate, 10 to 12 mm. long, 
scabrous on the keel and adjacent nerves, glabrous on the broad, thin margins; 
flowering glume 5 to6 mm. long, ovate obtuse, thin, glabrous, except on the 
strongly scabrous keel, slightly emarginate. Palea exceeding the glume, similar 
in texture, but glabrous throughout, or only sparingly scabrous on the keel 
above. 

GENERAL DISTRIBUTION: In salt meadows and sands along the coast, from Newfound- 
land and Nova Scotia to Maryland and possibly farther South. July to August. 

Type Locatity: ‘‘ Nat. of North America.’ 

SPECIMENS EXAMINED.—New Brunswick: St. Andrews, J. Fowler, Aug. 16, 1900. 
Maine: Cape Elizabeth, F. Lamson-Scribner, July 26, 1895; Two Bush Island, 
Penobscot Bay, F. L. Harvey, Aug. 21, 1896. Massachusetts: Newbury, 516 A. A. 
Eaton, Aug. 29, 1896; no locality, W. P. Conant. Connecticut: Bridgeport, E. H. 
Eames, July 25, 1894, July 19, 1898. New York: Wading River, Long Island, 
E. 8. Miller, July 23, 1877. New Jersey: Weehauken, W. M. VanSickle, July 8, 
1895. Maryland: Bay Ridge, F. Lamson-Scribner, Sept. 3, 1897; also F. H. 
Knowlton, July 138, 1897. 

Dactylis patens Ait., was based on material from North America, the name referring 
to the spreading leaves. There is little doubt as to northern form here con- 
sidered, being identical with Aiton’s species, and was so considered by Muhlen- 
berg, who believed Spartina patens and Spartina juncea to be distinct, although 
later authors considered them to be identical. Spartina patens is closely related 
to S. juncea, but is distinguished by its usually much smaller size, shorter, widely 
spreading leaves, smaller rootstocks, and usually more acuminate spikelets. 

9. SPARTINA BAKERI sp. noy. 

A rather stout glabrous, tufted perennial, 12 to 16 dm. high, with few rigid erect 
culms and numerous strongly involute leaves 6 to 18 dm. in length, but some of 
the culm leaves much shorter. Sheaths very close, the lower ones overlapping; 
ligule a ciliate fringe; leaf-blades rigid, strongly involute, glabrous beneath, 
strongly scabrous above and on the margins, 4 mm. wide or less when flattened 
out. Panicle 12 to 18 cm. long, consisting of 5 to 12 appressed purplish spikes3 
to 6em. long, common rachis glabrous or slightly scabrous on the margins, partial 
rachis flattened and scabrous on the margins. Spikelets densely imbricate; 
empty glumes acuminate, scabrous on the keels, the first very narrow, about 4 
mm. long, the second 8 to 10 mm. long; flowering glume about 6 mm. long, 
scabrous above and on the keel, glabrous below. Palea equaling the glume in 
length, similar in shape, but of thinner texture, slightly scabrous on the keel 
above. 

Type specimen collected on the east shore of Lake Ola, Tangarene, Florida, No. 14, 
C. H. Baker, April 19, 1898. 

SPECIMENS EXAMINED.—Florida: Merritts Island, G. L. Bates, March, 1889; Heath, 
Bates, April, 1889; Cedar Key, 772 R. Combs, Aug. 1, 1898; Jacksonville, 
16 Combs, July 18, 1898. 

This species is related to Spartina juncea, and its floral characters are very similar 
to that species. It is distinguished, however, by its vegetative characters, its 
much greater size and very long leaves, and evidently develops much earlier. 
The following note is based on field observations of Mr. Baker: 

‘This form grows on lake margins in large and conspicuous tussocks from a few 
inches to five feet in diameter. Leaves at first erect, but soon recurved and 
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spreading, very numerous, involute and harsh, the longest six and one-fourth 
feet in length. Culms comparatively few. This grass between seasons sends up 
culms which do not develop inflorescence, as far as noted, and although it has 
been observed frequently and at all seasons I have neyer before seen it in bloom, 
and consider it very irregular in this respect; it is abundant locally, and pre- 
dominates over considerable areas about Lake Munroe. The leaves of this grass 
are persistent and exhibit great durability under exposure to the weather, and 
while not as abundant as ‘wire-grass,’ ‘rush-grass,’ as this species is known, can 
still be obtained in considerable quantities, and may prove to be of considerable 
economic importance.”’ 

This species has previously been considered as a form of Spartina patens ( Ait.) Muhl., 
but is certainly very distinct from that species and from Spartina juncea (Mx.) 
Willd. 

Doubtful species. 

SPARTINA SCHREBERI J. F. Gmelin in Linn. Syst. Nat. ed. 13, 2: 123. 1791. 

This species is credited to North America in Index Kewensis, but we do not know on 
what authority, as Gmelin based the species entirely on Schreber’s generic 
description and neither Gmelin nor Schreber cite any locality. The genus was 
doubtless based on the European Spartina stricta, and this being the case Sparta 
schreberi should be considered as a synonym of that species. 
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PRE AC-E. 


This bulletin relates to the collection and distribution of seeds of 
grasses and forage plants by the Department of Agriculture through 
the Office of the Agrostologist, formerly Division of Agrostology, and 
to cooperative work in grass and forage plant investigations with a 
number of State experiment stations to whom these seeds were sent. 
The manner of keeping the records of this seed distribution is 
explained in detail, and the plan of conducting the cooperative experi- 
ments and the line of work or forage problem taken up with each sta- 
tion are fully given. This work was put into operation last year in 
compliance with an act of Congress, and has proven so satisfactory to 
all concerned that it has been continued the present year, although 
there are now no statutory regulations requiring that it should be. 

F. Lamson-ScorIspneEr, 
Agrostologist. 
OFFICE OF THE AGROSTOLOGIST, 
Washington, D. C., November 29, 1901. 
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RECORDS OF SEED DISTRIBUTION AND COOPERATIVE EXPERI- 
MENTS WITH GRASSES AND FORAGE PLANTS. 


PURCHASE AND COLLECTION OF SEEDS, ROOTS, AND SPECIMENS. 


House bill No. 121, Fifty-sixth Congress, first session, making 
appropriations for the United States Department of Agriculture, con- 
tained the following clause: 

Provided, That six thousand dollars of the amount hereby appropriated [for grass 
and forage plant investigations] be used to purchase and collect seeds, roots, and 
specimens of valuable and economic grasses and forage plants to be distributed to 
the various experiment stations in the several States and Territories, to be by them 
used, under the direction of the Secretary of Agriculture, to ascertain their adapt- 
ability to the various soils and climates of the United States. 

In carrying out the plans necessary to meet this provision in the bill 
making appropriations for the Agricultural Department, Mr. C. L. 
Shear, an assistant in the Division of Agrostology, was put in charge 
of the seed and field work July 1, 1900, when the law making the 
appropriations went into effect. Mr. Shear was instructed to make 
collections of seeds of the valuable native grasses and forage plants and 
was directed to secure in quantity seeds of wild range grasses, also 
those species of probable value in the South for winter pasturage, 
those likely to prove good meadow grasses for high altitudes, and of 
those adapted to binding drifting sands. In carrying out this work it 
not infrequently happened that long, tedious journeys had to be made 
to regions inaccessible to stock before grasses in seed could be found 
and collections made. Asa result of this work in the field during the 
season 4 tons of seed of about 130 varieties of grasses and forage plants 
were gathered, the quantities varying from 1 pound to 500 pounds. 
A list of the varieties of seeds gathered, with notes upon some of the 
more important species, was presented in Circular No. 9, issued from 
the office of the Secretary in December, 1900. In conducting the 
cooperative work with the stations, which will be referred to later, it 
was necessary to supplement this amount of seeds of native varieties 
by purchasing from dealers seeds of the more important tame grasses 
and forage plants which the experiments called for. 
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8 COOPERATIVE EXPERIMENTS. 
COOPERATION WITH THE STATIONS AUTHORIZED. 


In the House bill referred to above, making appropriations for the 
Department of Agriculture for 1900-1901, there was this clause: 


And the agricultural experimental stations are hereby authorized and directed to 
cooperate with the Secretary of Agriculture in establishing and maintaining experi- 
mental grass stations for determining the best methods of caring for and improving 
meadows and grazing lands, the use of different grasses and forage plants, their 
adaptability to various soils and climates, the best native and foreign species for 
reclaiming the overstocked ranges and pastures, for renovating worn-out lands, for 
binding drifting sands and washed lands, for turfing lawns and pleasure grounds, and 
for solving the various forage problems presented in the several sections of our 
country. 


‘ In order to carry out this feature of the law, the Secretary of Agri- 
culture, through the recommendation of the Agrostologist, directed 
Mr. Thomas A. Williams, then assistant chief of the Division of 
Agrostology, to visit the several experiment stations, especially those 
in the Western States, to study the forage problems of most im- 
portance to each, and by consulting with the directors of the stations 
to arrange plans for carrying on cooperative work with them with the 
view of solving the problems determined upon. 


LINES OF INVESTIGATIONS OF FORAGE PROBLEMS. 


Mr. Williams says in his report, published as Circular No. 8 (revised), 
of the office of the Secretary: 


In brief, this series of visits to the stations demonstrates clearly not only that there 
are many problems which can be studied much better through station and Depart- 
mental cooperation, but that the station authorities themselves appreciate the desira- 
bility of such cooperative work and are eager to enter into it. It is recognized that 
in these general problems, while the stations are able to work out the details of experi- 
ments and matters of relatively local bearing, there is a most important phase of the 
investigations that can be much more satisfactorily handled by the Department, and, 
in order to secure the best results to the country at large, it is highly desirable that 
there should be the closest cooperation between stations and Departmental investi- 
gations. Inaddition to the assistance which the Department can render the stations 
in solving these special problems through the detailing of its.experts for field investi- 
gations and supplying seed for experiments, this cooperation will have a most impor- 
tant bearing on the work of the stations in encouraging greater concentration on 
lines of greatest importance to the people and in rendering more readily available to 
the station workers the experience and training of the Departmental experts. 

Consultation with the station authorities has emphasized the desirability of coop- 
eration along a number of lines of investigation, the following being perhaps the 
most important at the present time and including every section of the country. 

(1) The formation, care, and management of pastures, including the selection of 
the best varieties, methods of preparing the soil and of planting the seed, and after 
treatment of grass lands, including grazing, rest, fertilizing, and cultivation. 

(2) Range improvement, or the best methods of bringing up the natural grass 
ands of the great range regions of the country and maintaining them in the condi- 
tion of greatest productivity, including the improvement of the native grass cover by 
reseeding, alternation of rest and grazing periods, scarifying, ete. 
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(3) Alkali-resistant crops, particularly those best adapted to furnishing forage that 
can be used to supplement the native ranges. 

(4) Cover crops for soils liable to wash, which will at the same time afford a sup- 
ply of forage or can be turned under for green manure. 

(5) A continuous soiling series for use in sections where the dairying industry is 
paramount. 

(6) Winter pasturage for the South and Southwest. 

(7) Sand-binding grasses for the coast regions and along the Great Lakes. 

(8) Meadow crops for higher altitudes, particularly in the Rocky Mountain States, 
where, although pasturage is abundant, crops that will produce profitable amounts 
of hay are greatly needed. 

(9) Supplementary forage crops, particularly those with a short season of growth, 
that can be grown in rotation with wheat, cotton, and other primary crops, either 
for forage or for the improvement of the soil fertility. 

(10) Drought-resistant crops for arid sections. 

(11) The selection and development of improved varieties of grasses and forage 
crops adapted to special conditions and uses. 

Asa result of visiting the State stations, and through correspondence, it has been 
ascertained that cooperative work can be arranged for the investigation of each of 
these problems with one or more stations most advantageously situated, and there 
is no question as to urgent need of such investigations. 


ARTICLES OF COOPERATION. 


A plan was devised to carry on this work under articles of coopera- 
tion signed by the station officials and officials of this Department, of 
which the following are presented as examples: 


Articles of cooperation in investigations on improvement of the Northwestern ranges 
between the ———————————- Agricultural Experiment Station and the Division of 
Agrostology, United States Department of Agriculture. 


The object of these investigations shall be to find the best and most practical way 
of improving the forage conditions in the dry sections of the Northwest, and 
specially of renewing the worn-out ranges and devising methods of managing them 
whereby the highest degree of productivity may be maintained. The following 
plan of cooperation is agreed upon: 

1. The ———————_———- Experiment Station to procure a suitable tract of range 
land; to undertake immediate supervision of the work through a member of its 
official staff; and to furnish all implements, fencing, etc., required by the investiga- 
tions, the same to be the sole property of the station when this cooperative 
arrangement is dissolved. 

2. The U. S. Department of Agriculture, through the Division of Agrostology, to 
assist in selecting the land and in planning and conducting these investigations; to 
furnish seed of native and introduced grasses and forage plants for experiments on 
said tracts, and pay other expenses connected with the investigations, not to exceed 

in any one fiscal year, it being understood that under the appropriation 
act the Department can not assume responsibility for the continuance of its contri- 
bution beyond June 30, 1901. 

3. The investigations conducted under this cooperative agreement shall be planned 
conjointly by the representatives of the oxperiment Station and 
the Division of Agrostology, officially charged with the work, subject to the approval 
oi the proper authorities in each case. 
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4. Both parties to this agreement shall be free at any time to use the results 
obtained in these investigations in their official correspondence and publications, 
giving proper credit to the fact that such results have been secured by cooperative 
work. 


) 


Director Experiment Station. 


’} 
Chief Division of Agrostology. 
Approved: 


? 
Secretary of Agriculture. 


Articles of cooperation in grass and forage plant investigations between the 
Agricultural Experiment Station and the Divison of Agrostology, United States Depart- 
ment of Agriculture. 


The object of these investigations shall be to find the best crops for supplying for- 
age to supplement the natural ranges and for the improvement of cultivated lands. 
The following plan of cooperation is agreed npon: 

1. The ————————— Experiment Station to provide land at the home station, 
or at outlying representative points in that territory, upon which to make said exper- 
iments, and to undertake the immediate care and supervision of the work. 

2. The U. 8. Department of Agriculture, through the Division of Agrostology, to 
furnish all seeds necessary in making these experiments, and to otherwise assist in 
planning and conducting said investigations. 

3. The investigations conducted under this cooperative agreement shall be planned 
conjointly by the representatives of the Experiment Station and 
the Division of Agrostology officially charged with the work, subject to the approval 
of the proper authorities in each case. 

4. Both parties to this agreement shall be free at any time to use the results 
obtained in these investigations, giving proper credit to the fact that such results 
have been secured by cooperative work. 


’ 
Director —————————— Experiment Station. 


? 
Chief Division of Agrostology. 
Approved: 


? 
Secretary of Agriculture. 


The following is the form in use since the organization of the Bureau 
of Plant Industry: 


Articles of cooperation in grass and forage plant investigations between the Wyoming State 
Experiment Station and the Bureau of Plant Industry, United States Department of 
Agriculture. 


The subject of these investigations shall be grasses and forage plants for alkali soils 
and arid lands. 

1. The Wyoming Experiment Station to furnish the land necessary for the said 
experiments, to undertake the immediate supervision and care of the work, and to 
assist in planning the investigations. 

2. The United States Department of Agriculture, through the Bureau of Plant 
Industry, Office of Grass and Forage Plant Investigations, to assist in planning and 
conducting the said investigations, and to furnish all seeds necessary for making the 
experiments. 
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3. The investigations conducted under this cooperative agreement shall be planned 
conjointly by the representatives of the Wyoming Experiment Station and the Bureau 
of Plant Industry, officially charged with the work, subject to the approval of the 
proper authorities in each case. 

4. Both parties to this agreement shall be free, at any time, to use the results 
obtained in these investigations in their official correspondence and publications, 
giving proper credit to the fact that such results have been secured by cooperative 


work. 
Emer E. SMILEY, 


Director Wyoming Experiment Station. 
B. T. GALLOWAY, 
Chief Bureau of Plant Industry, United States Department of Agriculture. 


At the present time fifteen of the experiment stations are working 
in cooperation with the Department on one or more of the lines con- 
nected with grass and forage plant investigations. 


SEED DISTRIBUTION. 


Since the organization of the Division of Agrostology seeds of 
grasses and forage plants have each year been distributed to the agri- 
cultural experiment stations and to many individual experimenters. 
The following table shows the number of packages of seed so distrib- 
uted during the fiscal years 1896-1901, inclusive; the total number of 
packages sent to the experiment stations during this time being 4,166, 
and to individuals 9,377, or a total of 13,543 packages (see Table I). 
These for the most part were seeds which were obtained through the 
direct efforts of the employees of the Division by collections in the 
field. During the fiscal year 1900-1901 there were distributed to the 
experiment stations 16,1014 pounds of seed, embracing 171 varieties, 
as shown in Tables I and HI. 


Taste I.—Number of packages of seed distributed to the experiment stations and to indi- 
viduals during the fiscal years 1896 to 1901, inclusive, or for five years, through the 
Division of Agrostology.* 


1896 | 1897 | 1898 | 1999 | 1900 |Total for| 
Distribution. Leneto, to to to to | the five 
1397. | 1898. | 1899. | 1900. | 1901. | years. 


Total number of packages sent to experi- | 
ment stations....-.------------+-+-222200e: 2, 281 | 184 462 292 947 | 4,166 


Total number of packages sent to indi- | 
AGUS onic eae aciata nimi ooo == === nnn 632 | 2,749 1,739 | 2,709 1, 548 9,377 


Total numberof packages distributed | 2,913 | 2,933 | 2,201 3,001 | 2,495 | 13, 543 | 


a This does not include the packages distributed to foreign countries. 
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Tasie Il.—Amount (in pounds) of seeds of grasses and forage plants distributed to the 
experiment stations and to individuals in the several States and Territories in coopera- 
tion with the stations during the fiscal year 1900-1901. 


Seeds 2 
SPT 7 
Seeds ale Sciaie 
Rep sent to uals in saeueaies 
States and Territories. experl- | Coopera- | + ipnuted 
ment | tion with TONeaCn 
stations. | the ex- | “Giite 
periment E 
ag stations. 
Pounds. | Pounds. | Pounds. 
JAN] SU INAS SA Saas Aen ee Meee MRE 228) 2, eS tee cie -iall|s aeteisie syiaie 30 380 
ATIZONG Te eee ee a eek ene ey ra en naa yey NYE SSP CL us (AW) Weeeebos a 710 
AT ICaTE Gn Sie Sere oe te ee ae om eemeteee e Eo os Sail clcee mci 2574 2574 
CaO meee ete eee Ree ee nee ete ee ee tee iho aisiaidisial|wieis © mn,< erate 46} 46} 
COlOTER O01 See eee Se eee a ene eee Rey ee eae Sock as 444 2425 6865 
Connecti cut 2a saa ses neeae eeeinasseesee eho ee ke ae oe) | Sele ES 128 108 
DELAY WHICL eae aes ee eer ae ae acer neat ee Sarat cece one oad LL, 1\5ssseeeeen 171 
SEU) t1 GL ier ee rere Pes Se AEN ern Ta ccs onnrbters ail ns ee ae efone 514 514 
 StGROLSIREe see ce ae mene cee ise eins otieie e eiee PEERS = cnc soo ehins| is eewie esicfee 142 142 
Ta SO Re a ee ee eee pare abe meee Sans Siax god ciclo sibs oc 130 233 153} 
INDICT ES Bae ee Ae cee a gent A el ee ee 133 283% 4163 
In Gi sin ayssse hee see ee eee ee See cere sicee de weeds oo acile cise sacut 20 20 
WRalON tives 3.5 ne ae ORAS Gb Soa Gba Shino c See SSSe eae Cee eae eee te eae ee a 63 62 
ERI) 6 225-332 Soc oee sooo oe cogiict ode Sen Cee Ee eee ene | 1,145 4562 1, 6014 
|i Reenifiekeys ja" .es 015 iene as ee eS Vi SES ee 30 262} 2923 
VTC Ud S1 ST ee eye ren a Arse Se Seiwa a 135 14 149 
IMSING et eet etree peanen emetic Sees cisions bcs ckisedeae cmcdesce 65 128 193 
IWIChAWET Vel eee ake cure a cE Ste BOOOOD AR OSn EEE» RGt Peer eee ae ee ae 360 518} 8783 
MISES CIAUISE USES feria cer rayne iat ata eeyatarata)s SsfAmra Scieisiatc atsisie,ui<iSre omisibe aims svelmimmaan ae 2143 214} 
MLC Bae ee aoe tena wamtaninats citieie < ce ie alee eit ale cians sec cu sice scien 380 53 433 
NENG SO keene emer apa ee mann. etic cae Ste doc acies sass berate 119 119 
WMISSISSITDIRME pee ae ee eee ee eit ner aes Sues SL Snets oases tee 10 652 Tab 
AMEISS OUT etre sere ee eee eee teen hs S te eeic ics A coe etk de bed 6912 244} 9362 
Moni tain tiene seer = cetaneieeisnateten cmon einem ain cine a aicani tosis cree eiwct 1931 2273 4212 
Nebraska Sse coe See eer nee mete 2 oe tcincy Siec.duihieleeceee 2492 2313 481 
New. Hampshitece sats sse-eeaesemscrenancncccacecccdsdscacscse car 38, 700 134 3, 834 
NeW Wi GIS@ Wie aaeae acces nesralstete ican icles caine menailelsacd tone coe eect 75 238 313 
New Mie CORaa ites eee ae cob cee en ers okt er bss wc cecldemle wien 563 763 6394 
New WorkysAnsee erecta oe eee mie ete eee cers cei eirk cacieccistee 814 137 2183 
North Carolimaleamstanie= n tases eine cia em sania asc neck tec cmes | 773 80 853 
NOntB ID ain tanec ete cee acer te ee esate Stet ie se aisiwiniwce sib cimarais 485 169 654. 
New aida tot etie ete iste eieeis seta eect dase tianige seinsieiketeieSioajewe 202 41 243 
OBI16 22g Oe ees ee ee ee eee etree I | 100 75 1753 
Oklahoma loess see seen eae eee cen sbcneidh ospiec ene } 30 103 403 
Orep on tte os eee ee gee eg ea ee | 670k | 2182 8883 
PenMSy]WaMis w= Sz geseinisinle wists tatstate te eiaas ove sislatiarwie cfoedee~sewe|_cccae seine 2141 214% 
Rhode Islanduotey gence see see cemeteries ce dee eins acs Siem 50. |Joseaeeee 50 
South: Carolin g).o.jn2 chaste ere a areata Ie icraiaie isi ni<'s acer ai 172. | 782 953 
South Dakoil.... 5.2 ee pe ene ene co 307: | 2083 516 
TOIINeCSSCe: 5 -/..o. . 2 ce oe CURE RE REPRE Mee bare eae con cesses cum ccsals 1403 252 6923 
DOXAR. «oe ens Uh ok cee ee Ree eee ee eels Sn as ele eicie tu 7524 1173 8703 
UH». onscen voce eee re 2 35 321 672 
VAN SIIG i's pic.ccls ae Soe Oe ae en RCO ee Re EE irk cicice wwicis on 107 359} 4663 
Washington) on) o2c2-5 snes eer ee ete ee er ae Ia nisl Nomen ae 1, 695 43 1,788 
West Virginia... 2c <ectes caeeeen eee eters neater trae oe rp et | 30. | 3h 334 
WISCONSIN. 2\.:4\0:s%0.00 05000 a SURE ROE eR Ee eRe en ee eae coals iclne 125 | 64 189 
Wey Gining:. 5... 6,325:cc.can eiecange Re ee een Rett SITE Conti Sic ens, Sante | 1, 014 751 1, 765 
ff): eA SMR Ae ve neh 155, Blue, Ula e 55.6 eer | 16,101: 7, 0514 23, 1523 
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TaBLE III.— Varieties of grasses and forage plants, seeds of which were distributed through 
the Division of Agrostology in 1900-1901, the amount in pounds of each variety sent out, 
both to the experiment stations and to individuals in cooperation with the stations, and the 


total amount distributed. 


, ee Sentto | sai | “aie 
Latin name. English name. stations. |“ yals. | tributed. 
Pounds. | Pounds. | Pounds. 
Agropyron caninum .....-........- Bearded wheat grass ....-.-. 234 22 454 
Agropyron divergens.........--.-- Bunch wheat grass........-. 10 12 22 
Agropyron occidentale .......----- | Western wheat grass .....-- 491: | 862 5773 
Agropyron richardsoni....-..-.---- Richardson’s wheat grass -. Tied a 1 
ApPropyron Ti parm: - =). --44-\. Riparian wheat grass ...-.-. Sy Mates 5 
Agropyron spicatum ...........--- | Bunch wheat grass......-.- 428 542 4891 
Agropyron tenerum ...........---- | Slender wheat grass........ 4282 Boz 5103 
JME ON ERDE WOE Ge PO = = Sa Sere coc Seas sSe SSS Sener 6 5S Sees oore 1 eet eee 1} 
Aprostisial bah scesses-coce ose—csese ReditOpraceestnec cece senses 2744 72% 347 
MOTOSLISICANINGs-s-- ec o- 3cce see Rhode Island bent ......... 18 55 | 73 
Agrostis stolonifera........-.-.--.-- Creeping bent. ~~ <~. 656.22. 8 bE | 132 
Alopecurus occidentale ........--- Mountain foxtail........... DY. A aeee cies pl 2 
Alopecurus pratensis .........-.-.- Meadow foxtail ......-.--.- 18 10 28 
Aristida humboldtiana........-.-- Humboldt’s triple-awn..... t,t Dem pee 8 12 
Aristida fasciculata....:....:.----- Driple-aws-ss2- te eos- css Sr | bed les eS 2 
Ammophila arenaria.:....-...---- | Beachprass 2-:-.-..-2-.. 2.2 167 934 2604 
Andropogon saccharoides ......-- .| Feather beard grass ........ 186+ 25 2111 
Anthoxanthum odoratum......... Sweet vernal grass ..-..-..-. TO ene | 1 
Arrhenatherum elatius...--..----- | aM OsSrASS 5.2.8. -.2 2005 244 28 272 
Atriplex canescens ...---.--=.:.---- Sa destaer eas osc cciesance cred 11: 52 17 
Atriplex confertifolia .....-.....-- Spiny saltbush’ 5.....-..::.0 DE ae ge ce 2 
NULL XACLEMNC OLA a ae 225-1 eae ae ieee meee semecks sossmacaue Secs 20: 3 232 
Atriplex halimoides..............-. Gray SelGbUsh! = <2 6 2. = </-.-2-- 49 17 662 
Atriplex holocanpa.........--2s--ss Annual saltbush ........... 123 64 19 
Atriplex: nuttallil -..-5-.-2s-2--c6 Nuttall’s saltbush .......... 43 232 66 
Muy ne jo) ARI CRU SE See specced S505) Sac oCoSOdl So so6 se. a aeeeeEeoeee Whe Wee sae ke 11 
Atriplex semibaccata ...........-- Australian saltbush ........ 108 67} 1753 
A triplex WTUNCAtA sceise5-5ace55252 With Saltbush <--.2.......-. 5 ed ee ee et 12 
Atriplexiyolutans<¢.-c5.s-csec.05 Tumbling saltbush ........-. 213 2t 23% 
AVeNS SAtIVO): :c2.stoscoecascses ase \,(00 0123 it 0)2) tO es 21 14 35 
Beckmannia eruceformis .......-.- SlOUShTARS Sh Sac ecssc-ss 5 25) “liebewicee ee 25 
Bouteloua oligostachya ........--- Beye MeN Ac Accmse = ose - ace 1292 18 147: 
Bouteloua bromoides.........--..- Brome grama ..-...........- a) | eS5 se =5- 10 
Bouteloua curtipendula......-..-- | Side-oats grama ........-.... 523 6 58} 
Bouteloua eriopoda ............--- Woolly-foot grama ......... 2 |hicewareeae 5 
Bouteloua hirsuta ................- BTIStlhy: PUAMIA Sctsoc wi cw soe © Mn Scena oe 1} 
Bouteloua humboldtiana........-. Humboldt’s grama ......... B..  Nemattacemee 5 
Bouteloua polystachya..........-. WGOW STAND a= ocacta cin ce cise cee 722 } 2s 
BISSSICAMAPUS =o 555055%62 Sees RAO eyes pmetineacee aces 13 35+ 48} 
Bromusimermis;. 5.0. 4-.5-.cc-e5. Awnless brome grass ....--. 459 744, | 1,2033 
Bromus marginatus ............---| Short-awned brome grass .. 154 13 167 
BLOMUS PHIIGUS: soos - cc ace cece Senos Faas eos Sacks eee e OA Sema 9 
Bromus:polyanthus:............--- | Many-flowered brome...... OS seme ee = 2) 
Bromus pumpellianus...........-- | Mountain brome grass ..... #) il Scesicea mor 4 
Bromus richardsoni ....----...----. | Richardson's brome ........ LT So sarees 9 
' Bromus schraderi ......---.---.--- | Schrader’s brome........... to eaeemneeee 1 
Bromus UMIOlOIdeS =5--.---.2-52-02 | RUCSCULG PTASSS oc oe wc. cae ewee 3224 913 414 
Bulbilis dactyloides ..-.......----. | Bitial Oewass (FOOtS|ONLY)) ca loancece~ cc|slactewecehellawmeke cons 
Calamagrostis canadensis var ..... | Canada blue joint .......... 5 1 6 
Calamovilfa longifolia ..........-. Samdierassse.~ 5. cac.secem eee 7 1 8 
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TaBiLe II].— Varieties of grasses and forage plants, etc.—Continued. 


Variety. 
Latin name. English name. 
Carex macrocephala ...--........- Big head sedge....:........ 
Cheetochloa composita ...--..----- ATIZORe Meh... -scie---- 506 
Cheetochloa italica ..........-..... WGermansmillet = 2-2-----2-=- 
Cheetochloa italica var ......-..-.- ' Golden wonder millet...... leeueeeone 
Chlorisjelecanss-seescseeeene cee Genesee ar eeeeeoe anise .cecce 
CICEMArie timmy ee aes etleser er Gram or chick pea .-......- 
Cynodon dactylon .....----------- Bermuda grass ......------- 
Cynosurus cristatus ..............- Crested dog’s tail........... 
Dactylis glomerata.........--.-.-- Orchardigrass=<225----5.-66 
Dactyloctenium australiense -.... IBUtTOMIETASS a2 i iis wciscce es 
Deschampsia caespitosa ....-..---- Mnfted hair Srass....c---s-. 
Desmodium tortuosum, var ...---- Beggarweed....-:-..-----<- 
Desmodiumilsp)sossee= eee eelee a= Perennial beggarweed ..... 
BatoniaObtusataaaeceeemceec c= cek| ersce see tiers ste sa evs cee 
Eleusine coracana..........------- AfricanemMiUllet, oases =: s2:- m1 
EMS AT OU US eee a eae etaielel| = selene meee Siete orci wise (-=n12 <a == 
Blymus/arenarius) = iseee---ea=--22- SCA MVC OTESS oo. oe cn emo cies 
Mlyantisicana denSiSseer erecta Canada rye grass ....-.-..... 
Elymus canadensis var...------.-- |--n== OO meee eset n= cenit 
Elymus condensatus.........-....- | \Glantrye grass =..:-.-2....- 
Elymus glabriflorus ............--- | Smooth-flowered rye grass. . 
Glynn shes a CUS rece eiete meee ain Mountain rye grass.......-. 
Ihisshospooe Kooba, ee sere aaaceee Macoun’s rye grass......... 
Ta AisoahwisE sro ody olleyee 5. Seana codons Alkeliomye! Grass). 22-456... 
Elymus virginicus submuticus....| Short-awned rye grass.....- 
Eragrostis neo-mexicana....-..... Mexican love grass......... 
Eriochloa punctata.....-.-.-- .....| Everlasting grass........... 
Eriocoma Cuspidata te=- a=. > Imdianvmillets-<25..-.2---.- 
Erodium cicutarium’ 2-2. 5-—--<---- WANT AMI a ees cee eure acim ere 
Ervumlens 222 scc-ciesac ccmem aeeee Wentils 25st conte tac ves sh ieee 
Euchlena mexicana .........-.--- PEORINTEMS sae oto t cae cone 
Burotialanatavesse sess eeeeeesee = WAMLerstaiteekis et cnc <-ecne ce 
Festuca arundinacea..........-..- Reed fescue ss: ies cencccwe 
Festuca duriuscula...............- Hardviescte a. -te-l-02<24- <1 
Festucaelatior.<cesstsiaccieti seman Meadow fescue.-........... 
Festuca heterophylla ............- Various-leaved fescue ...... 
Festuca kimetii.cedteme=s =smcesems Kineis fescue... jecicccakmecn 
Festuca! Oval aie soe acters ase eines eteterete Sheep’s fescue.............. 
Hestuca rubraj-oasseessssssaaeeeoee RediMesCUer serec ce ces 5 aces 
Hestuca thunbenusssesseieseee eee Thurber’s fescue ........... 
Glycine hispida’. .ss2..2--cicoe <= SOV UDCAM Gene cence tacecsece 
Helianthus'sp:. 5525 -ceeeceemaee close SUNHOW OR oa. cb staasen0c..ciac 
Hilaria cenchroides ............... Curly mesquite............. 
Hilaria mutica << .veee see Black palleta.s-.2:......... 
Hordeum Vulgare = sccceseceeees <n BETO Veceeee pakene aa eawaeeen 
Keleriaicristata.: seeks seenceeees Prairie June grass.......... 
Lathyrus sativus). -2...csewemew eet Bitten Metpes.. oc... cake 
Leptochlon dubiaws se. cetcae cece can fete eee ee einen ino cinnsiccan 
Lespedeza striata... 0.5. scceccace US DBDECIOVOT esc nncsic<ness 
Lolitimiitalicumis. .- use were ees Ttallam ray Svass:.4....-.s.<. 
Lolium perenne ...5.aceceusuee eens Perennial ray grass......... 
Lycurus phleoldes. .....5.2.ceenees TOXAA TIMOLDY 200s c.cee wc 
Medicago denticulata ............. IBID GIOVEN San widelcis’s cnn alnis sve 


sentse | ang. | 
stations. . 
uals. | tributed. 
Pounds. | Pounds. | Ponds. 
9 132 141 
Bb |Secee scare 5} 
20 491 694 
i 4 
112 . |): seconserere lit 
2 4 6 
20 50} 70+ 
7 293 364 
424 130 554 
25 3 28 
2. .Woceteaeeeae 2 
2 x 22 
Pe Wleccon=Sa55 3 
bn ae Beers rE 
Bi. lsscebneeee 5) 
~# 2 a 
6 3 9 
1673 15 182} 
56 6 623 
492 9 583 
92. jessetetes 93 
153 4 19} 
U1 leneeceeee iit 
17 20 
86 1k 87k 
13 curl eee 13 
QR Nosteansee 21 
83 8 91 
6 5 11 
1.) Seems 1 
22 543 763 
8} } 8 
41) le eeeemeeee 41 
17 3 20° 
405% 2571 6623 
1 15 16 
7 4 8 
65 63 693 
24 65 89 
8.1) Reese 3 
3614 304 6653 
7 sdeeeeeteee 7 
Ye SAO once 92 
12: \ |os Poteet 12 
2. Nsedctaceee 2 
115 216 331 
TE No sigceoaso4 182 
82 20 52 
117 145} 262} 
298 85 3338 
164 t)| scedecmeme 16} 
154 38 192 
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TaBLE III.— Varieties of grasses and forage plants, ete.—Continued. 


Variety. 

Latin name. English name. 
MCCICR SO IMAGH Ataisartie sae aa eee lectees ean oc e< cen ee Secc ce citelarts 
MedicHeOsuiVaieses- a+ senias ees PAM AU Teh rere men cis sete e cette ase 
Medicago sativa turkestanica.....) Turkestan alfalfa .......... 
Medicago sativa var.....-...-..--- Oasis lialiiay: <a oes: ccc cee ce 
Melilotusialbatesss--c--¢ Jems cciscee DSIWECUCIOVEI =< seetccs se aces 
Melinisminutifiora=-.2.-22-------.- Molasses grass...........-.. 
MTG a: Wiis teemercacieee casters MMCIMEC DEAD scenes os. 
Muhlenbergia racemosa..........- | Wild bin O una rete eee cee 
MuUnLen berg a eracuiseae rence ae Mest anes css cs occ eacnceceee eee 
@nobry.chis|Sativas: oso5-sce ee SHINIOM cease ses-soocce ess 
Panicularia americana............ American Manna grass..... 
Panicum) bulibosum 22.2 2ec.-- ei. DUPMIpIETASS= = 42... Skene eos 
Panicum bulbosumivar s..-s-s-esee eee. OOF oc HAS BSE BEE eee 
Pamicumverus-gallis.- toc esse BarMyardverass. +s. s-- 5-5 
Panicum miliaCOumt a -sssensece-ce Broom-corn millet ......... 
PAMACUET OD TUSUM ays ee ces nical aoats| se esieeies wis incceotccieccicoenes 
Panicum: texanum).:.-..-.2---.-2-- Colorado erass. 22...) 2... 22: 
Pappophorum apertum ......... me epeeien lease tem eate fs s/aste =e Scns 
Paspalum compressum......-...--- @anpeh Pras: <<jacc see oceue 
Paspalum) dilatatum)=-s-2.-ss---4- Large water grass .......... 
Phalaris arundinacea. .......-..... Reed canary grass.......... 
Phaseolusimiungomee sees cess Green eram------ pe tee aa 
Phaseolus Tetustseseseceescneee- eee Metcalfe bean .............. 
Phasecolus'spl ees. teeaessssee sce WaellOnbednhcascs sae scenes ce 
Phieum/asperumes «= --5-sa05 sens Sand timothy ..-........... 
Phieum! pratense 5-2-4. ---21onsci EDUIMIOUN Ye ae Nos cl coe onic sb. 
RISUIMGATVECNSCi a seacceeateeeces ane Russian blue field pea...... 
PIS SAtly WIN Viable. ss cscs csr Black marrow-fat pea ...... 
FP Oat COMIPNESSAls eels staleeae sale Canada blue grass.......... 
Pos tengleniagnarsnn..oce=<eeane-ces Miuttonigrass 2-5 <s.e-2< 52 
Poaltelaucitolian: 2 <cxs<ccec ace cues Glaucous blue grass ........ 
Pog ideviculmis'-sscsesesccess ...--| Smooth-stemmed blue grass 
Pom laevigdiadeccnactesecossesiecceas Smooth blue grass.........-. 
Poa Gerda. (ie conn caeeeele eo nate Shining blue grass ......... 
Poasmacranthactnacsesssccseeeneees Sea-side blue grass ......... 
POSMeVAGeNSIS:.zeececeeacsscesecc Nevada blue grass.......-.- 
IPO PIALOMSIS: Sqn sseacecoemacnecac Kentucky blue grass........ 
Ron iniyialisieso.svocaceeececeoe tes Rough-stalked blue grass .. 
IPoaswheelerita se. se ced cea fe Wheeler’s blue grass.......- 
Poterium sanguisorba ............- BUEN ess seen ote Sanson ee 
Puccinellia airoides ............... Alkali spear grass .......... 
RUMEXISD ise hose amines ea cites ces aia MOCKS species esecniniesenic sees = 
Sorghum vulgare var.............. Kati COM o-e-usecenateccaes 
Sorghum vulgare var.............. ColmsaniCaAnemaecceedsaese- = 
Sorghum vulgare var.............. Early amber cane .......-.- 
Sorghum vulgare var.-............. Early orange cane.......... 
Sorghum vulgare var.............. Folger’s cane..........-...- 
Secale cereale . <2... .<ce.cecccacess Winter TVG o 2. Satiissascieeces 
‘Sporobolus airoides.........-...... Fine saccaton .........-<..- 
Sporobolus cryptandrus .........-- NO PSCC acess actewincie treme wa 
Sporobolus depauperatus.........- Steel prassee concatenate 
Sporobolus wrightii -.............- Wright’s S8Ccaton). 4 cecsee= 


Sent to 


individ- 


uals. 


tributed. 


_ 


aAaanrnnrn iw 


_ 
I] 
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Pounds. 
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| Pounds. 
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Taste III.— Varieties of grasses and forage plants, etc.—Continued. 


oa Eee ee l 
Be eee _| sentto | Sata | “ale. 
| Latin name. English name. Staion. | “iaals. |/tmibukeds 
Pounds. | Pounds. | Pounds. 
Sporobolus wrightii var -.......-.--|--------------+---+----------- ity aka’ = | 10 
| Stipa viridula...---¢-..3-222:2225-|-sesee RIM A oe ean ont Pye) eee =< | 2 
| Stipa Sp. <se ger es aa ee sea eee er eatin ieee a Sy = Re Ssecc< -- i) 
| Wriodia/WGes co) aceno-c ee eee =. Ree $oeeeeecreee 5 
Trifolium alexandrinum ....-.---.-- Egyptian clover ..------.--- LN 3 13 
Trifolium hybridumi 2222 5---2--<-) 4 Adsike Clover. a.c---+-=---<2| an 100 1073 
Trifolium incarnatum....--..-.---- @rimson! clover =.s=..-.=----« 2 56+ 58} 
Trifolium mMeGMMe seer ses aa- ee | Mammoth clover...-------- 10 | 65 7d 
TrifOliim pratense = see em aseee= | IREGICIOVER x22. .-65---- = e's 615 | 42 657 
| MritolMMene pens pessoa eee lpviniteclover).:-----.2------ 135 | 11 146 
Mrificumyspeltay epee asee == ese a [5 2) ee Sees Se eee eee ce 21 17 38 
Viciaumani tina east eaeaaee oes. pSensigesveteh a2) -s26--5-542 18; ||:ce-eeees 18 
Wielanvalll 0 Saas eee seater = 1B WG TE Seger aces oeeene 309 228 537 
Matin nphites janes 45 opocoeecee COW Deans aaa ae weno 2,180; 1504 2, 331 
Viena catjaneiivies -pa=aseeee =. == | Black cowpea -.-...---------- 204° ||. See 204 
TEA WAS opera -esee eee ee (eb Gisitly COR 22a an= Ser = 223 | 6 281 
TAzvaMis AGUALICHI Sse soos ae == | Wild rice ......-.-.------++-]-+++2++++- 2 2 
TTT tall et ee ee | Sere SE DS cease 16,101: | 7,051 | 23,1523 


Notrr.—Total varieties, 171. 


SEEDS TO PRIVATE INDIVIDUALS. 


Many applications were made to the Secretary of Agriculture by 
individuals for seeds of grasses adapted to special conditions for purely 
experimental purposes. In order to meet these requests and to keep 
all of our work in line of cooperation with the experiment stations, 
the following letter was addressed to the directors of the several 
stations under date of January 31, 1901: 


U. S. DEPARTMENT OF AGRICULTURE, 
Bureau oF Puant INDUSTRY, 
OFFICE OF THE AGROSTOLOGIST, 
Washington, D. C., January 31, 1901. 

Sir: Requests for seeds of grasses and forage plants for special purposes are received 
by this Department from many private individuals throughout the country and prior 
to the current fiscal year the Secretary has, so far as possible, generously responded to 
these requests. For the most part they have come from intelligent and progressive 
farmers who had definite objects in view and whose reports relative to the seeds sent 
them have oftentimes been ot great value. A record has been kept of every package 
of seed thus sent out and we have classed the parties as our ‘‘ volunteer experi- 
menters’’ and our cooperation with them, costing only the seed sent, has been 
mutually advantageous. We would be glad to continue this line of work and hope 
that you will enable us to do so and respectfully ask your cooperation in the matter. 
If agreeable to you, we will refer all applications for seeds and grasses and forage 
plants made by individuals in your State to you by addressing them a letter like the 
inclosed (marked 1). If they then should write to you and you deem it wise for us 
to honor their request, the seeds will be forwarded, so far as our supply will permit. 
We will notify you of the shipment of the seed on a card similar to the inclosed 


SYSTEM OF KEEPING RECORDS. 1% 
(marked 2), which is our preliminary step in the record. We could, if you wish, 
send seed in quantity to you to be redirected to individuals in your State from your 
station. In such case we would expect you to furnish us the addresses of the parties 
to whom the seed was sent and the amount in each case. At the close of each season 
we send blanks (marked 3) to every individual to whom seeds have been sent from 
this office for the purpose of obtaining a report as to the results of the experiments 
or progress made. We arrange with every one receiving seeds in the way here 
described to report results to this office and we will, upon your request, send you 
duplicate copies of these reports and thus share with you in all the results obtained. 
I would be pleased to have an expression from you in regard to this plan of coopera- 
tion with individuals. 
Respectfully, F. LamMson-ScrIBNER, 

. Agrostologist. 

AGRICULTURAL EXPERIMENT STATION, 
Manhattan, Kans. 


The scheme proposed in this communication met with very favorable 
reception on the part of the experiment stations, as will be seen by 
the replies here quoted, which are in the main expressions of all those 
received. 

WASHINGTON AGRICULTURAL COLLEGE AND SCHOOL OF SCIENCE, 
Pullman, Wash., February 8, 1901. 

Dear Str: I am in receipt of your favor of January 31, and note carefully the plan 
outlined therein for the distribution of seeds of grasses and forage plants in the sey- 
eral States. The plan you propose meets with my approval and will have the hearty 
cooperation of this station. 


Yours, very truly, 
E. A. Bryan, President. 
F. Lamson-ScriIBNER, 


Agrostologist, Department of Agriculture, Washington, D. C. 


THE PENNSYLVANIA STATE COLLEGE 
AGRICULTURAL EXPERIMENT STATION, 
February 19, 1901. 
Dear Str: Replying to yours of January 31, relative to the matter of distribution 
of seeds and forage plants, I beg to say that it would give this station pleasure to 
accept your very courteous and generous proposal in regard to cooperation. If you 
will refer applicants to us as requested, we will be very glad to advise you as to the 
matter of honoring their requests and to receive from you the duplicate reports of 
results. 
Very respectfully, yours, H. P. Armssy, Director. 
Mr. F. LamMson-ScrIBNER, 
Unitea States Department of Agriculture, Washington, D. C. 


The total amounts of seeds thus distributed to individuals in each 
State is shown in Table II, and the total quantity of each variety of 
seed so distributed is shown in Table III. 
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In order to bring all this work into such shape that the results might 
be utilized by both the stations and the Department, the following plan 
of records was adopted. Upon the receipt of an application from a 
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correspondent in any given State, the following letter was sent to the 
applicant: 
U.S. DEPARTMENT OF AGRICULTURE, 
Grass AND ForaGe Puanr Investications, Division or AGROSTOLOGY, — 
Washington, D. C., , 1901. 
Dear Str: Your letter of , addressed to , has been referred to 

this division. The law (House bill No. 121, Fifty-sixth Congress, first session, mak- 
ing appropriations for the Department of Agriculture) requires that all seeds of 
grasses and forage plants distributed by this division for experimental use be sent to 
the experiment stations. We will be pleased to honor, so faras possible, any requests 
for seeds made through the director of your agricultural experiment station, located 
at Please state definitely to the director the object of your request. 

Respectfully, 


F., LAmson-SCRIBNER, 
Agrostologist. 
If the request was indorsed by the director of the experiment sta- 
tion a card was then made out in accordance with the following blank, 
directing the shipping clerk to send the seed, and when the shipment 
was made this card was returned to the office of the Agrostologist and 
filed for record. 


State: 


, 1901. 
U. 8S. DEPARTMENT OF AGRICULTURE, 


OFFICE OF PLANT INDUSTRY, 
WASHINGTON, D. C. 


CooPERATIVE EXPERIMENTS IN GRASS AND ForAGE PLANT INVESTIGATIONS WITH 
EXPERIMENT STATION. 


Name and address of experimenter: 
Variety of seed and amount sent: 
Source and age of seed: 
Object of experiment: — 
Date of shipment: 


At the same time a card, the form of which is shown below, was 
sent to the director of the experiment station, advising him of the 
shipment, and this card was designed for filing at the station : 


CooPERATIVE EXPERIMENTS IN GRASS AND ForRAGE PLANT INVESTIGATIONS. 


U.S. DEPARTMENT OF AGRICULTURE, 
WASHINGTON, D. C. y EXPERIMENT STATION 


Name and address of experimenter : 
Variety of seed and amount sent : 
Source of seed : 
Object of experiment : 
Seeds shipped ———, 190—. Report received 


1905, 


When seeds were sent to any individual under this plan he was 
advised of the fact by the following letter, in which the nature of final 
report expected from the correspondent was outlined. We found this 
to be important, for in many cases when we had called for reports as 
to results of seeds distributed the party receiving them often said 
that he wished he had known earlier the nature of the report wanted, 
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and he would have taken the necessary notes. This letter was designed 
to cover this ground. 


U.S. DEPARTMENT OF AGRICULTURE, 
GRASS AND ForRAGE PLANT INVESTIGATIONS, 
Washington, D. C., , 190-. 
Dear Srr: In accordance with arrangements made with the director of the agri- 
cultural experiment station of your State for conducting cooperative experiments 
with grasses and forage plants, the following seeds are being sent.to you: 


In sending you these seeds it is understood that you will try them in an experi- 
mental way to test their adaptability to your section or their special value. It is 
further understood that you will give them all the care necessary to meet the 
requirements of the experiment and report the result obtained on blanks which will 
be furnished you at the proper time. These reports will be filed in this office and 
copies will be sent to the director of your State experiment station. The following 
are the principal points to be noted: 


Conditon and preparation of soil. Yield per acre of forage or seed, or 
Date and method of planting. both. 

Method of cultivation, if any. Stand and amount of growth made. 
Date of full bloom. Value of the plant as food for stock. 
Date of ripening. Also any other miscellaneous notes of 
Date and method of harvesting. economic interest. 


Quality of the product. 
The seed produced by native and introduced plants, not obtainable from seedsmen, 
should be carefully saved. 
Respectfully, F, LAMsoN-SCRIBNER, 
Agrostologist. 


Mr. 


At the close of the season blanks for reports of the form here pre- 
sented will be sent to everyone who received seeds. Copies of these 
reports will be sent to the directors of the experiment stations in the 
States where the experimenters are located. 


UNITED STATES DEPARTMENT OF AGRICULTURE. 
GRASS AND FORAGE PLANT INVESTIGATIONS. 
EXPERIMENTS WITH GRASSES AND FORAGE PLANTS. 


Report on varieties cultivated at 


[Name town, county, and State. | 


Common name, Latin name, 
Kind, condition, and preparation of soil, 
Date and method of planting, 
Cultivation, if any, 
Date and method of harvesting and stage of maturity reached when harvested, 
Date of full bloom, Date of ripening, 
Yield per acre (if practicable), 
Quality of product, 
Notes on growth, 
Your opinion of the value of the plant as feed for stock, 
Name of experimenter, Post-oflice, County, 


State, 
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The final record of distribution is kept upon a card, the face and 
reverse side of which is herewith shown. Only one species is entered 
on this card, and the cards are filed in alphabetical order. The amount 
we have on hand is shown at any time, together with the amount dis- 
tributed, and to whom. 


RECEIVED FROM— Amr. 
LBS. 
Agropyron tenerum 12 Griffiths & Lange..-..........----2+2.-== 63. 314 
(Slender wheat grass) . 
Fiscal year 1900-1901. 


July. | Aug. | Sept. Oct. Novy. Dee. Jan. | Feb. Mar. Apr. May. | June. 


| 
BD. | B.D.) Bs | Do Be Da ee ances 


B.| D.| B.| D.| B.| D.| B.¥ D. 
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[Reverse.] 


Date. | Amount. Name. Post-office. State. 
Feb. 25 DVN LLET dey OV ONG coats oiacis oic\c.< cements oe nine Hort Prernene oe... S. Dak. 
Feb. 27 TOP lone Re Osteen semeinaseece =l cna ies -ieiels = Laramie 0.852 4. eee Wyo. 
Feb. 28 LOS isles iWiLD VCOMIDE A) os ce ws wos cleo Convalllistse.. s2-5425see— coer | Oreg. 


It may interest some to note the form of our accession cards, which 
is shown herewith: 


DATA. 
Seeds of— 
Agropyron tenerum. Collector’s No. 
(Slender wheat grass). Distribution No. 21. 


From Griffiths & Lange. Locality, Billings, Mont. Date, July 14, 1900. Alti- 
tude Amount, pounds, 314. 

Habit of growth, 

Character of soil, 

Use , 

By this system of records the Office of the Agrostologist has full data 
in regard toall seeds received or sent out, and it is possible to show at 
any time the variety or amount sent to any experiment station or to 
any individual in cooperation with the station. The totals of these 
amounts for the fiscal year 1900-1901 are shown in Tables II and III. 

Table IV contains a list of those experiment stations with which the 
Department of Agriculture, through the Office of the Agrostologist, is 
carrying on cooperative experiments in grass and forage plant investi- 
gations. This is a list of the stations with which the Department is 
working during the current fiscal year, for, although the law cited 
specifically directing the stations to cooperate with the Secretary of 
Agriculture along these lines is no longer in force, it having been 
omitted from the bill making appropriations for the Department dur- 
ing the present year, it has been deemed best to continue the work, 
apparently so well begun under the bill of last year. 
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Taste IV.—List of experiment stations with which articles of cooperation have been signed. 


e 


Department al- 


State. Object of investigations. lowance, 
ATIZONG Liceeeraeteoe For improving the forage conditions and renovating | Seeds and funds. 
the ranges. 
California/-2. sence. The planting and testing of sand-binders........-.-.--- Do. 
@oloradofeess ee eeer= Grass and forage plants for alkali and arid soils -...--- Do. 
KANSAS asac2esee ees The best method of pasture and range improvement... Do. 
Mamyland! oer To find the best crops for use in securing acontinuous | Seeds only. 
soiling. 
Michigan....-.. ...--| To find the best grasses for fixing the drifting sands Do. 
along the Great Lakes and to determine the possi- 
bility of converting these into lands productive of 
forage and other crops. 
MASSOURMSpece-t acces To find the best method for the formation and manage- Do. 
ment of meadows and pastures in the Middle West- 
ern States. 
Nebraska,.....-....-- Growing and testing of native and cultivated grasses Do. “ 


New Hampsbire..... 
New Mexico.......-.- 


Oregon 


South Dakota 


for the Great Plains region. 

Improvement and renovation of worn-out hay and 
pasture land. 

Forage crops to supplement ranges and the improve- 
ment of cultivated lands. 

To find the best sand-binding grasses and to determine 
the possibility of rendering sandy lands productive 
of both grasses and forage plants. 

For testing drought-resisting forage plants with a 
view to finding varieties suitable for use in the 
range region. 


Seeds and funds. 


Seeds only. 


Seeds and funds. 


Do. 


Tennessee ....------- Formation and management of pastures and meadows | Seeds only. 
in Middle Southern States. 
TOXAS anes ce eee Formation of meadows and pastures in the Middle | Seeds and funds. 
Southern States. 
Washing tomeece<cs== For improving forage conditions and renewing worn- Do. 
out ranges. 
Wiyomingss seccceses- | Forage plants for arid and alkali lands ..-..... asteneeee Seeds only. 
Delaware.....-.----- C@OVETACTOMS OP OLCHATOS) cise om = wwicicinnis oiclesis.coieeeeiesieee Do. 
Utah sosset soescer est Forage plants for arid and alkali lands ...............-. Do. 


1 Not renewed for 1901-2. 


Since this work of cooperation was first inaugurated the Bureau 


of Plant Industry, which includes the Office of the Agrostologist, has 
been established, and the new articles of cooperation now in force have 
been slightly modified from those of last year to meet the new terms 
of expression required by this new organization, and a similar modi- 
fication has been made in the letter addressed to individual applicants 
for seeds, as will appear from the copy presented below, which is that 
of the form now used: 
U. 8. Department oF AGRICULTURE, BuREAU OF PLANT INDusTRY, 


GRAss AND FoRAGE PLANT INVESTIGATIONS, OFFICE OF THE AGROSTOLOGIST, 
Washington, D. C., 


, 190-. 


DEAR Sir: 
Your letter of 
this office. 


, addressed to , requesting seeds, has been referred to 
The Department of Agriculture is conducting experiments with grasses 


CONCLUSION. es) 


and forage plants in your State in cooperation with your agricultural experiment 
station located at In order to continue the plans already made we would 
ask you to kindly present your request through the director of your experiment sta- 
tion. We will be glad to honor, so far as possible, all such requests. Please state 
definitely to the director of the station the object of your request. 

Respectfully, 


F. Lamson-Scripner, Agrostologist. 
CONCLUSION. 


Thus far our plan of cooperation with the stations in grass and for- 
age plant investigations and the manner of keeping our records, as 
above described, have been quite satisfactory, but it is not unlikely 
that some changes or improvements may be made as the work pro- 
eresses. Doubtless the work can be rendered more effective and more 
certain of useful results if an official of the Department can be located 
at those stations where important cooperative work is being carried on. 
This officer may be a scientific aid—and we are already employing sci- 
entific aids in this way—or he may be someone more experienced. In 
any case, he should be given immediate charge of the work, to which 
he should give his whole time while at the station. During some 
months of» the year, especially during the winter season, he could 
spend his time at the Department in order to familiarize himself with 
our methods and make up his reports. It is to be regretted that 
the important work of grass and forage plant investigations has not 
more funds available for conducting this cooperative work on a larger, 
more effective, and more striking scale. 

I have only to add that I wish to give expression here to our most 
sincere regrets at the loss of Mr. Thomas A. Williams, in whose charge 
this cooperative work had been placed and who had so successfully 
carried out the ideas of the Department while engaged upon it. The 
present season Prof. A. 8 Hitchcock has been placed in charge of this 
work and has visited many of the stations and made a special study of 
the conditions existing where cooperative work is being carried on. 
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